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Aims	and	assump+ons	

•  Test	systema+c	EFT	of	pions	and	a	dilaton	(MG	&	Shamir,	’16)	on	data		
						Use	LSD	data	for															,																		theory	(Appelquist	et	al.	‘18)		
						Salient	feature:			0++	state	with	mass	～	pion	mass	

•  Assume	tree-level	describes	these	data	well	
						(naïve	expansion	parameter											 	 	 							)	

•  Some	results	obtained	by	Fodor	et	al.	‘19	–	agree	where	overlap	

•  New:			predic+ons	for	taste-breaking	effects	–	unlike	QCD	
						(LSD	used	staggered	fermions)	
	
•  Use	published	data	(stat.	correla+ons	are	small	(private	comm.	Ethan	Neil))	

1	

SU(3) Nf = 8
<latexit sha1_base64="MSbw3IVtlwrjIio440faZ1aCXrY=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWom5LpQ9uFUHDjSio6baEdSibNtKGZh0mmUIb+iRsXirj1T9z5N6btCCp64MLhnHu59x434kwqhD6MzMrq2vpGdjO3tb2zu2fuH7RkGAtCbRLyUHRcLClnAbUVU5x2IkGx73LadseXc789oUKyMLhT04g6Ph4GzGMEKy31TfPWLpRPe/cxHsDrvndR65t5VEQLQFSsIqt+ZmlSqqJ6DUErtfIgRbNvvvcGIYl9GijCsZRdC0XKSbBQjHA6y/ViSSNMxnhIu5oG2KfSSRaXz+CJVgbQC4WuQMGF+n0iwb6UU9/VnT5WI/nbm4t/ed1YeTUnYUEUKxqQ5SIv5lCFcB4DHDBBieJTTTARTN8KyQgLTJQOK6dD+PoU/k9apaJVLqKbSr5RSePIgiNwDArAAuegAa5AE9iAgAl4AE/g2UiMR+PFeF22Zox05hD8gPH2CZDtkkg=</latexit>

M2
⇡/(4⇡F⇡)

2  0.1
<latexit sha1_base64="xzckc1/IJCCpwx5/+65o6HciHFI=">AAACB3icdVDLSgMxFM3UV62vqktBgkWom5oZW213BUHcCBXsAzrTkknTNjTzIMkIZejOjb/ixoUibv0Fd/6NaTuCih4IOfece0nucUPOpELow0gtLC4tr6RXM2vrG5tb2e2dhgwiQWidBDwQLRdLyplP64opTluhoNhzOW26o/Op37ylQrLAv1HjkDoeHviszwhWWupm96+6dsg61nG+qG94Ma2OOha0OYWoYHazOVRAM+iyhMzKqamJVUKVMoJmYuVAglo3+273AhJ51FeEYynbJgqVE2OhGOF0krEjSUNMRnhA25r62KPSiWd7TOChVnqwHwh9fAVn6veJGHtSjj1Xd3pYDeVvbyr+5bUj1S87MfPDSFGfzB/qRxyqAE5DgT0mKFF8rAkmgum/QjLEAhOlo8voEL42hf+ThlUwTwroupirFpM40mAPHIA8MMEZqIJLUAN1QMAdeABP4Nm4Nx6NF+N13poykpld8APG2ycWTJbZ</latexit>



EFT	for	pions	and	a	dilaton									(MG	&	Shamir,	’16,	‘18)	

							Assump+ons:	
		
•  	Scale	invariance	gets	restored	as	we	take	the	theory	closer	to	the		
							conformal	window.			For								fundamental	flavors	in	an																		theory	
							this	happens	when								crosses	into	the	conformal	region.	
							Technically,																																							in	the	limit																															.	
	
•  	The	theory	contains	pions	associated	with	chiral	symmetry	breaking,		
							and	a	dilaton	associated	with	breaking	of	scale	symmetry,	which											
							becomes	massless	for																			(and															).		
	
•  	The	dilaton	poten+al	has	a	zero,	as	a	func+on	of	the	dilaton	field					.			

Nf
<latexit sha1_base64="/h5Le5m3GAt0rJ8hSfyVzNvoQog=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4WrKl1fZW8OJJKtoPaJeSTbNtaDa7JFmhlP4ELx4U8eov8ua/MW1XUNEHA4/3ZpiZFySCa4Pxh7Oyura+sZnbym/v7O7tFw4OWzpOFWVNGotYdQKimeCSNQ03gnUSxUgUCNYOxpdzv33PlOaxvDOThPkRGUoeckqMlW6v+2G/UMQuXgBht4K92rlnSamCa1WMvMwqQoZGv/DeG8Q0jZg0VBCtux5OjD8lynAq2CzfSzVLCB2TIetaKknEtD9dnDpDp1YZoDBWtqRBC/X7xJREWk+iwHZGxIz0b28u/uV1UxNW/SmXSWqYpMtFYSqQidH8bzTgilEjJpYQqri9FdERUYQam07ehvD1KfqftEquh13vplysl7M4cnAMJ3AGHlxAHa6gAU2gMIQHeIJnRziPzovzumxdcbKZI/gB5+0TWYaNyw==</latexit><latexit sha1_base64="/h5Le5m3GAt0rJ8hSfyVzNvoQog=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4WrKl1fZW8OJJKtoPaJeSTbNtaDa7JFmhlP4ELx4U8eov8ua/MW1XUNEHA4/3ZpiZFySCa4Pxh7Oyura+sZnbym/v7O7tFw4OWzpOFWVNGotYdQKimeCSNQ03gnUSxUgUCNYOxpdzv33PlOaxvDOThPkRGUoeckqMlW6v+2G/UMQuXgBht4K92rlnSamCa1WMvMwqQoZGv/DeG8Q0jZg0VBCtux5OjD8lynAq2CzfSzVLCB2TIetaKknEtD9dnDpDp1YZoDBWtqRBC/X7xJREWk+iwHZGxIz0b28u/uV1UxNW/SmXSWqYpMtFYSqQidH8bzTgilEjJpYQqri9FdERUYQam07ehvD1KfqftEquh13vplysl7M4cnAMJ3AGHlxAHa6gAU2gMIQHeIJnRziPzovzumxdcbKZI/gB5+0TWYaNyw==</latexit><latexit sha1_base64="/h5Le5m3GAt0rJ8hSfyVzNvoQog=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4WrKl1fZW8OJJKtoPaJeSTbNtaDa7JFmhlP4ELx4U8eov8ua/MW1XUNEHA4/3ZpiZFySCa4Pxh7Oyura+sZnbym/v7O7tFw4OWzpOFWVNGotYdQKimeCSNQ03gnUSxUgUCNYOxpdzv33PlOaxvDOThPkRGUoeckqMlW6v+2G/UMQuXgBht4K92rlnSamCa1WMvMwqQoZGv/DeG8Q0jZg0VBCtux5OjD8lynAq2CzfSzVLCB2TIetaKknEtD9dnDpDp1YZoDBWtqRBC/X7xJREWk+iwHZGxIz0b28u/uV1UxNW/SmXSWqYpMtFYSqQidH8bzTgilEjJpYQqri9FdERUYQam07ehvD1KfqftEquh13vplysl7M4cnAMJ3AGHlxAHa6gAU2gMIQHeIJnRziPzovzumxdcbKZI/gB5+0TWYaNyw==</latexit><latexit sha1_base64="/h5Le5m3GAt0rJ8hSfyVzNvoQog=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4WrKl1fZW8OJJKtoPaJeSTbNtaDa7JFmhlP4ELx4U8eov8ua/MW1XUNEHA4/3ZpiZFySCa4Pxh7Oyura+sZnbym/v7O7tFw4OWzpOFWVNGotYdQKimeCSNQ03gnUSxUgUCNYOxpdzv33PlOaxvDOThPkRGUoeckqMlW6v+2G/UMQuXgBht4K92rlnSamCa1WMvMwqQoZGv/DeG8Q0jZg0VBCtux5OjD8lynAq2CzfSzVLCB2TIetaKknEtD9dnDpDp1YZoDBWtqRBC/X7xJREWk+iwHZGxIz0b28u/uV1UxNW/SmXSWqYpMtFYSqQidH8bzTgilEjJpYQqri9FdERUYQam07ehvD1KfqftEquh13vplysl7M4cnAMJ3AGHlxAHa6gAU2gMIQHeIJnRziPzovzumxdcbKZI/gB5+0TWYaNyw==</latexit>

SU(Nc)
<latexit sha1_base64="ERrbZ9lnxBGNRzMk8XOkJOmwUz4=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBDiZZkNiSa3gBdPEtFNAskSZiezyZDZBzOzQgj5CC8eFPHq93jzb5wkK6hoQUNR1U13l58IrjTGH9bK6tr6xmZuK7+9s7u3Xzg4bKk4lZS5NBax7PhEMcEj5mquBeskkpHQF6ztjy/nfvueScXj6E5PEuaFZBjxgFOijdS+dUvXfXrWLxSxjRdA2K5ip37uGFKu4noNIyezipCh2S+89wYxTUMWaSqIUl0HJ9qbEqk5FWyW76WKJYSOyZB1DY1IyJQ3XZw7Q6dGGaAglqYijRbq94kpCZWahL7pDIkeqd/eXPzL66Y6qHlTHiWpZhFdLgpSgXSM5r+jAZeMajExhFDJza2IjogkVJuE8iaEr0/R/6RVth1sOzeVYqOSxZGDYziBEjhwAQ24gia4QGEMD/AEz1ZiPVov1uuydcXKZo7gB6y3T2dzjuk=</latexit><latexit sha1_base64="ERrbZ9lnxBGNRzMk8XOkJOmwUz4=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBDiZZkNiSa3gBdPEtFNAskSZiezyZDZBzOzQgj5CC8eFPHq93jzb5wkK6hoQUNR1U13l58IrjTGH9bK6tr6xmZuK7+9s7u3Xzg4bKk4lZS5NBax7PhEMcEj5mquBeskkpHQF6ztjy/nfvueScXj6E5PEuaFZBjxgFOijdS+dUvXfXrWLxSxjRdA2K5ip37uGFKu4noNIyezipCh2S+89wYxTUMWaSqIUl0HJ9qbEqk5FWyW76WKJYSOyZB1DY1IyJQ3XZw7Q6dGGaAglqYijRbq94kpCZWahL7pDIkeqd/eXPzL66Y6qHlTHiWpZhFdLgpSgXSM5r+jAZeMajExhFDJza2IjogkVJuE8iaEr0/R/6RVth1sOzeVYqOSxZGDYziBEjhwAQ24gia4QGEMD/AEz1ZiPVov1uuydcXKZo7gB6y3T2dzjuk=</latexit><latexit sha1_base64="ERrbZ9lnxBGNRzMk8XOkJOmwUz4=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBDiZZkNiSa3gBdPEtFNAskSZiezyZDZBzOzQgj5CC8eFPHq93jzb5wkK6hoQUNR1U13l58IrjTGH9bK6tr6xmZuK7+9s7u3Xzg4bKk4lZS5NBax7PhEMcEj5mquBeskkpHQF6ztjy/nfvueScXj6E5PEuaFZBjxgFOijdS+dUvXfXrWLxSxjRdA2K5ip37uGFKu4noNIyezipCh2S+89wYxTUMWaSqIUl0HJ9qbEqk5FWyW76WKJYSOyZB1DY1IyJQ3XZw7Q6dGGaAglqYijRbq94kpCZWahL7pDIkeqd/eXPzL66Y6qHlTHiWpZhFdLgpSgXSM5r+jAZeMajExhFDJza2IjogkVJuE8iaEr0/R/6RVth1sOzeVYqOSxZGDYziBEjhwAQ24gia4QGEMD/AEz1ZiPVov1uuydcXKZo7gB6y3T2dzjuk=</latexit><latexit sha1_base64="ERrbZ9lnxBGNRzMk8XOkJOmwUz4=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBDiZZkNiSa3gBdPEtFNAskSZiezyZDZBzOzQgj5CC8eFPHq93jzb5wkK6hoQUNR1U13l58IrjTGH9bK6tr6xmZuK7+9s7u3Xzg4bKk4lZS5NBax7PhEMcEj5mquBeskkpHQF6ztjy/nfvueScXj6E5PEuaFZBjxgFOijdS+dUvXfXrWLxSxjRdA2K5ip37uGFKu4noNIyezipCh2S+89wYxTUMWaSqIUl0HJ9qbEqk5FWyW76WKJYSOyZB1DY1IyJQ3XZw7Q6dGGaAglqYijRbq94kpCZWahL7pDIkeqd/eXPzL66Y6qHlTHiWpZhFdLgpSgXSM5r+jAZeMajExhFDJza2IjogkVJuE8iaEr0/R/6RVth1sOzeVYqOSxZGDYziBEjhwAQ24gia4QGEMD/AEz1ZiPVov1uuydcXKZo7gB6y3T2dzjuk=</latexit>

Nf
<latexit sha1_base64="/h5Le5m3GAt0rJ8hSfyVzNvoQog=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4WrKl1fZW8OJJKtoPaJeSTbNtaDa7JFmhlP4ELx4U8eov8ua/MW1XUNEHA4/3ZpiZFySCa4Pxh7Oyura+sZnbym/v7O7tFw4OWzpOFWVNGotYdQKimeCSNQ03gnUSxUgUCNYOxpdzv33PlOaxvDOThPkRGUoeckqMlW6v+2G/UMQuXgBht4K92rlnSamCa1WMvMwqQoZGv/DeG8Q0jZg0VBCtux5OjD8lynAq2CzfSzVLCB2TIetaKknEtD9dnDpDp1YZoDBWtqRBC/X7xJREWk+iwHZGxIz0b28u/uV1UxNW/SmXSWqYpMtFYSqQidH8bzTgilEjJpYQqri9FdERUYQam07ehvD1KfqftEquh13vplysl7M4cnAMJ3AGHlxAHa6gAU2gMIQHeIJnRziPzovzumxdcbKZI/gB5+0TWYaNyw==</latexit><latexit sha1_base64="/h5Le5m3GAt0rJ8hSfyVzNvoQog=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4WrKl1fZW8OJJKtoPaJeSTbNtaDa7JFmhlP4ELx4U8eov8ua/MW1XUNEHA4/3ZpiZFySCa4Pxh7Oyura+sZnbym/v7O7tFw4OWzpOFWVNGotYdQKimeCSNQ03gnUSxUgUCNYOxpdzv33PlOaxvDOThPkRGUoeckqMlW6v+2G/UMQuXgBht4K92rlnSamCa1WMvMwqQoZGv/DeG8Q0jZg0VBCtux5OjD8lynAq2CzfSzVLCB2TIetaKknEtD9dnDpDp1YZoDBWtqRBC/X7xJREWk+iwHZGxIz0b28u/uV1UxNW/SmXSWqYpMtFYSqQidH8bzTgilEjJpYQqri9FdERUYQam07ehvD1KfqftEquh13vplysl7M4cnAMJ3AGHlxAHa6gAU2gMIQHeIJnRziPzovzumxdcbKZI/gB5+0TWYaNyw==</latexit><latexit sha1_base64="/h5Le5m3GAt0rJ8hSfyVzNvoQog=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4WrKl1fZW8OJJKtoPaJeSTbNtaDa7JFmhlP4ELx4U8eov8ua/MW1XUNEHA4/3ZpiZFySCa4Pxh7Oyura+sZnbym/v7O7tFw4OWzpOFWVNGotYdQKimeCSNQ03gnUSxUgUCNYOxpdzv33PlOaxvDOThPkRGUoeckqMlW6v+2G/UMQuXgBht4K92rlnSamCa1WMvMwqQoZGv/DeG8Q0jZg0VBCtux5OjD8lynAq2CzfSzVLCB2TIetaKknEtD9dnDpDp1YZoDBWtqRBC/X7xJREWk+iwHZGxIz0b28u/uV1UxNW/SmXSWqYpMtFYSqQidH8bzTgilEjJpYQqri9FdERUYQam07ehvD1KfqftEquh13vplysl7M4cnAMJ3AGHlxAHa6gAU2gMIQHeIJnRziPzovzumxdcbKZI/gB5+0TWYaNyw==</latexit><latexit sha1_base64="/h5Le5m3GAt0rJ8hSfyVzNvoQog=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4WrKl1fZW8OJJKtoPaJeSTbNtaDa7JFmhlP4ELx4U8eov8ua/MW1XUNEHA4/3ZpiZFySCa4Pxh7Oyura+sZnbym/v7O7tFw4OWzpOFWVNGotYdQKimeCSNQ03gnUSxUgUCNYOxpdzv33PlOaxvDOThPkRGUoeckqMlW6v+2G/UMQuXgBht4K92rlnSamCa1WMvMwqQoZGv/DeG8Q0jZg0VBCtux5OjD8lynAq2CzfSzVLCB2TIetaKknEtD9dnDpDp1YZoDBWtqRBC/X7xJREWk+iwHZGxIz0b28u/uV1UxNW/SmXSWqYpMtFYSqQidH8bzTgilEjJpYQqri9FdERUYQam07ehvD1KfqftEquh13vplysl7M4cnAMJ3AGHlxAHa6gAU2gMIQHeIJnRziPzovzumxdcbKZI/gB5+0TWYaNyw==</latexit>

nf ⌘ Nf/Nc " n⇤
f

<latexit sha1_base64="Y2vEsZ0EYTFYJVw/11zubkng5yc=">AAACCHicdVDLSgMxFM3UV62vUZcuDBZBXNRMabXdFdy4KhXsA9o6ZNJMG5rJjEmmUkqXbvwVNy4UcesnuPNvTB+Cih64cDjnXu69x4s4UxqhDyuxsLi0vJJcTa2tb2xu2ds7NRXGktAqCXkoGx5WlDNBq5ppThuRpDjwOK17/fOJXx9QqVgorvQwou0AdwXzGcHaSK69L1y/RW9iNoBl1z8pu6QVR1jK8BYa5/rYtdMog6aAKJNHTvHUMSSbR8UCgs7cSoM5Kq793uqEJA6o0IRjpZoOinR7hKVmhNNxqhUrGmHSx13aNFTggKr2aPrIGB4apQP9UJoSGk7V7xMjHCg1DDzTGWDdU7+9ifiX14y1X2iPmIhiTQWZLfJjDnUIJ6nADpOUaD40BBPJzK2Q9LDERJvsUiaEr0/h/6SWzTgo41zm0qXcPI4k2AMH4Ag44AyUwAWogCog4A48gCfwbN1bj9aL9TprTVjzmV3wA9bbJ0bFmXM=</latexit><latexit sha1_base64="Y2vEsZ0EYTFYJVw/11zubkng5yc=">AAACCHicdVDLSgMxFM3UV62vUZcuDBZBXNRMabXdFdy4KhXsA9o6ZNJMG5rJjEmmUkqXbvwVNy4UcesnuPNvTB+Cih64cDjnXu69x4s4UxqhDyuxsLi0vJJcTa2tb2xu2ds7NRXGktAqCXkoGx5WlDNBq5ppThuRpDjwOK17/fOJXx9QqVgorvQwou0AdwXzGcHaSK69L1y/RW9iNoBl1z8pu6QVR1jK8BYa5/rYtdMog6aAKJNHTvHUMSSbR8UCgs7cSoM5Kq793uqEJA6o0IRjpZoOinR7hKVmhNNxqhUrGmHSx13aNFTggKr2aPrIGB4apQP9UJoSGk7V7xMjHCg1DDzTGWDdU7+9ifiX14y1X2iPmIhiTQWZLfJjDnUIJ6nADpOUaD40BBPJzK2Q9LDERJvsUiaEr0/h/6SWzTgo41zm0qXcPI4k2AMH4Ag44AyUwAWogCog4A48gCfwbN1bj9aL9TprTVjzmV3wA9bbJ0bFmXM=</latexit><latexit sha1_base64="Y2vEsZ0EYTFYJVw/11zubkng5yc=">AAACCHicdVDLSgMxFM3UV62vUZcuDBZBXNRMabXdFdy4KhXsA9o6ZNJMG5rJjEmmUkqXbvwVNy4UcesnuPNvTB+Cih64cDjnXu69x4s4UxqhDyuxsLi0vJJcTa2tb2xu2ds7NRXGktAqCXkoGx5WlDNBq5ppThuRpDjwOK17/fOJXx9QqVgorvQwou0AdwXzGcHaSK69L1y/RW9iNoBl1z8pu6QVR1jK8BYa5/rYtdMog6aAKJNHTvHUMSSbR8UCgs7cSoM5Kq793uqEJA6o0IRjpZoOinR7hKVmhNNxqhUrGmHSx13aNFTggKr2aPrIGB4apQP9UJoSGk7V7xMjHCg1DDzTGWDdU7+9ifiX14y1X2iPmIhiTQWZLfJjDnUIJ6nADpOUaD40BBPJzK2Q9LDERJvsUiaEr0/h/6SWzTgo41zm0qXcPI4k2AMH4Ag44AyUwAWogCog4A48gCfwbN1bj9aL9TprTVjzmV3wA9bbJ0bFmXM=</latexit><latexit sha1_base64="Y2vEsZ0EYTFYJVw/11zubkng5yc=">AAACCHicdVDLSgMxFM3UV62vUZcuDBZBXNRMabXdFdy4KhXsA9o6ZNJMG5rJjEmmUkqXbvwVNy4UcesnuPNvTB+Cih64cDjnXu69x4s4UxqhDyuxsLi0vJJcTa2tb2xu2ds7NRXGktAqCXkoGx5WlDNBq5ppThuRpDjwOK17/fOJXx9QqVgorvQwou0AdwXzGcHaSK69L1y/RW9iNoBl1z8pu6QVR1jK8BYa5/rYtdMog6aAKJNHTvHUMSSbR8UCgs7cSoM5Kq793uqEJA6o0IRjpZoOinR7hKVmhNNxqhUrGmHSx13aNFTggKr2aPrIGB4apQP9UJoSGk7V7xMjHCg1DDzTGWDdU7+9ifiX14y1X2iPmIhiTQWZLfJjDnUIJ6nADpOUaD40BBPJzK2Q9LDERJvsUiaEr0/h/6SWzTgo41zm0qXcPI4k2AMH4Ag44AyUwAWogCog4A48gCfwbN1bj9aL9TprTVjzmV3wA9bbJ0bFmXM=</latexit>

Nf , Nc ! 1
<latexit sha1_base64="+WGPaL7MDI4yZQXapF0F5QS9jMI=">AAAB/XicdVDJSsRAEO24juMWl5uXxkHwIENncJub4MWTjOAsMAmh09MZGzud0F0R4iD+ihcPinj1P7z5N/Ysgoo+KHi8V0VVvSiTwgAhH87U9Mzs3Hxpoby4tLyy6q6tt0yaa8abLJWp7kTUcCkUb4IAyTuZ5jSJJG9H16dDv33DtRGpuoQi40FC+0rEglGwUuhunoexj/d8fB4yH1JfqBiK0K2QKhkBk+oB8eqHniW1A1I/JtibWBU0QSN03/1eyvKEK2CSGtP1SAbBgGoQTPK7sp8bnlF2Tfu8a6miCTfBYHT9Hd6xSg/HqbalAI/U7xMDmhhTJJHtTChcmd/eUPzL6+YQHwcDobIcuGLjRXEuMaR4GAXuCc0ZyMISyrSwt2J2RTVlYAMr2xC+PsX/k1at6pGqd7FfOdmfxFFCW2gb7SIPHaETdIYaqIkYukUP6Ak9O/fOo/PivI5bp5zJzAb6AeftE5AIlJ8=</latexit><latexit sha1_base64="+WGPaL7MDI4yZQXapF0F5QS9jMI=">AAAB/XicdVDJSsRAEO24juMWl5uXxkHwIENncJub4MWTjOAsMAmh09MZGzud0F0R4iD+ihcPinj1P7z5N/Ysgoo+KHi8V0VVvSiTwgAhH87U9Mzs3Hxpoby4tLyy6q6tt0yaa8abLJWp7kTUcCkUb4IAyTuZ5jSJJG9H16dDv33DtRGpuoQi40FC+0rEglGwUuhunoexj/d8fB4yH1JfqBiK0K2QKhkBk+oB8eqHniW1A1I/JtibWBU0QSN03/1eyvKEK2CSGtP1SAbBgGoQTPK7sp8bnlF2Tfu8a6miCTfBYHT9Hd6xSg/HqbalAI/U7xMDmhhTJJHtTChcmd/eUPzL6+YQHwcDobIcuGLjRXEuMaR4GAXuCc0ZyMISyrSwt2J2RTVlYAMr2xC+PsX/k1at6pGqd7FfOdmfxFFCW2gb7SIPHaETdIYaqIkYukUP6Ak9O/fOo/PivI5bp5zJzAb6AeftE5AIlJ8=</latexit><latexit sha1_base64="+WGPaL7MDI4yZQXapF0F5QS9jMI=">AAAB/XicdVDJSsRAEO24juMWl5uXxkHwIENncJub4MWTjOAsMAmh09MZGzud0F0R4iD+ihcPinj1P7z5N/Ysgoo+KHi8V0VVvSiTwgAhH87U9Mzs3Hxpoby4tLyy6q6tt0yaa8abLJWp7kTUcCkUb4IAyTuZ5jSJJG9H16dDv33DtRGpuoQi40FC+0rEglGwUuhunoexj/d8fB4yH1JfqBiK0K2QKhkBk+oB8eqHniW1A1I/JtibWBU0QSN03/1eyvKEK2CSGtP1SAbBgGoQTPK7sp8bnlF2Tfu8a6miCTfBYHT9Hd6xSg/HqbalAI/U7xMDmhhTJJHtTChcmd/eUPzL6+YQHwcDobIcuGLjRXEuMaR4GAXuCc0ZyMISyrSwt2J2RTVlYAMr2xC+PsX/k1at6pGqd7FfOdmfxFFCW2gb7SIPHaETdIYaqIkYukUP6Ak9O/fOo/PivI5bp5zJzAb6AeftE5AIlJ8=</latexit><latexit sha1_base64="+WGPaL7MDI4yZQXapF0F5QS9jMI=">AAAB/XicdVDJSsRAEO24juMWl5uXxkHwIENncJub4MWTjOAsMAmh09MZGzud0F0R4iD+ihcPinj1P7z5N/Ysgoo+KHi8V0VVvSiTwgAhH87U9Mzs3Hxpoby4tLyy6q6tt0yaa8abLJWp7kTUcCkUb4IAyTuZ5jSJJG9H16dDv33DtRGpuoQi40FC+0rEglGwUuhunoexj/d8fB4yH1JfqBiK0K2QKhkBk+oB8eqHniW1A1I/JtibWBU0QSN03/1eyvKEK2CSGtP1SAbBgGoQTPK7sp8bnlF2Tfu8a6miCTfBYHT9Hd6xSg/HqbalAI/U7xMDmhhTJJHtTChcmd/eUPzL6+YQHwcDobIcuGLjRXEuMaR4GAXuCc0ZyMISyrSwt2J2RTVlYAMr2xC+PsX/k1at6pGqd7FfOdmfxFFCW2gb7SIPHaETdIYaqIkYukUP6Ak9O/fOo/PivI5bp5zJzAb6AeftE5AIlJ8=</latexit>

⌧
<latexit sha1_base64="jo/7wuczC50XIzqRdEmOb27P4lk=">AAAB63icdVBNSwMxEJ2tX7V+VT16CRbB05Itrba3ghePFWwttEvJptk2NNldkqxQSv+CFw+KePUPefPfmG1XUNEHA4/3ZpiZFySCa4Pxh1NYW9/Y3Cpul3Z29/YPyodHXR2nirIOjUWsegHRTPCIdQw3gvUSxYgMBLsLpleZf3fPlOZxdGtmCfMlGUc85JSYTBoYkg7LFeziJRB269hrXniWVOu42cDIy60K5GgPy++DUUxTySJDBdG67+HE+HOiDKeCLUqDVLOE0CkZs76lEZFM+/PlrQt0ZpURCmNlKzJoqX6fmBOp9UwGtlMSM9G/vUz8y+unJmz4cx4lqWERXS0KU4FMjLLH0YgrRo2YWUKo4vZWRCdEEWpsPCUbwten6H/Srboedr2bWqVVy+Mowgmcwjl4cAktuIY2dIDCBB7gCZ4d6Tw6L87rqrXg5DPH8APO2ydeq45o</latexit><latexit sha1_base64="jo/7wuczC50XIzqRdEmOb27P4lk=">AAAB63icdVBNSwMxEJ2tX7V+VT16CRbB05Itrba3ghePFWwttEvJptk2NNldkqxQSv+CFw+KePUPefPfmG1XUNEHA4/3ZpiZFySCa4Pxh1NYW9/Y3Cpul3Z29/YPyodHXR2nirIOjUWsegHRTPCIdQw3gvUSxYgMBLsLpleZf3fPlOZxdGtmCfMlGUc85JSYTBoYkg7LFeziJRB269hrXniWVOu42cDIy60K5GgPy++DUUxTySJDBdG67+HE+HOiDKeCLUqDVLOE0CkZs76lEZFM+/PlrQt0ZpURCmNlKzJoqX6fmBOp9UwGtlMSM9G/vUz8y+unJmz4cx4lqWERXS0KU4FMjLLH0YgrRo2YWUKo4vZWRCdEEWpsPCUbwten6H/Srboedr2bWqVVy+Mowgmcwjl4cAktuIY2dIDCBB7gCZ4d6Tw6L87rqrXg5DPH8APO2ydeq45o</latexit><latexit sha1_base64="jo/7wuczC50XIzqRdEmOb27P4lk=">AAAB63icdVBNSwMxEJ2tX7V+VT16CRbB05Itrba3ghePFWwttEvJptk2NNldkqxQSv+CFw+KePUPefPfmG1XUNEHA4/3ZpiZFySCa4Pxh1NYW9/Y3Cpul3Z29/YPyodHXR2nirIOjUWsegHRTPCIdQw3gvUSxYgMBLsLpleZf3fPlOZxdGtmCfMlGUc85JSYTBoYkg7LFeziJRB269hrXniWVOu42cDIy60K5GgPy++DUUxTySJDBdG67+HE+HOiDKeCLUqDVLOE0CkZs76lEZFM+/PlrQt0ZpURCmNlKzJoqX6fmBOp9UwGtlMSM9G/vUz8y+unJmz4cx4lqWERXS0KU4FMjLLH0YgrRo2YWUKo4vZWRCdEEWpsPCUbwten6H/Srboedr2bWqVVy+Mowgmcwjl4cAktuIY2dIDCBB7gCZ4d6Tw6L87rqrXg5DPH8APO2ydeq45o</latexit><latexit sha1_base64="jo/7wuczC50XIzqRdEmOb27P4lk=">AAAB63icdVBNSwMxEJ2tX7V+VT16CRbB05Itrba3ghePFWwttEvJptk2NNldkqxQSv+CFw+KePUPefPfmG1XUNEHA4/3ZpiZFySCa4Pxh1NYW9/Y3Cpul3Z29/YPyodHXR2nirIOjUWsegHRTPCIdQw3gvUSxYgMBLsLpleZf3fPlOZxdGtmCfMlGUc85JSYTBoYkg7LFeziJRB269hrXniWVOu42cDIy60K5GgPy++DUUxTySJDBdG67+HE+HOiDKeCLUqDVLOE0CkZs76lEZFM+/PlrQt0ZpURCmNlKzJoqX6fmBOp9UwGtlMSM9G/vUz8y+unJmz4cx4lqWERXS0KU4FMjLLH0YgrRo2YWUKo4vZWRCdEEWpsPCUbwten6H/Srboedr2bWqVVy+Mowgmcwjl4cAktuIY2dIDCBB7gCZ4d6Tw6L87rqrXg5DPH8APO2ydeq45o</latexit>

2	

nf ! n⇤
f

<latexit sha1_base64="oeM3Z/qxDEJ/xJwUHu2Mbey9Tfk=">AAAB83icdVDLSgMxFL3js9ZX1aWbYBHERcmUVttdwY3LCvYBnbFk0kwbmskMSUYopb/hxoUibv0Zd/6NaTuCih4IOZxzL/feEySCa4Pxh7Oyura+sZnbym/v7O7tFw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJxldzv3PPlOaxvDWThPkRGUoeckqMlTzZDz0TI/vdnfcLRVzCCyBcqmK3fuFaUq7ieg0jN7OKkKHZL7x7g5imEZOGCqJ1z8WJ8adEGU4Fm+W9VLOE0DEZsp6lkkRM+9PFzjN0apUBCmNlnzRooX7vmJJI60kU2MqImJH+7c3Fv7xeasKaP+UySQ2TdDkoTAWyZ84DQAOuGDViYgmhittdER0RRaixMeVtCF+Xov9Ju1xyccm9qRQblSyOHBzDCZyBC5fQgGtoQgsoJPAAT/DspM6j8+K8LktXnKznCH7AefsEooiRXw==</latexit><latexit sha1_base64="oeM3Z/qxDEJ/xJwUHu2Mbey9Tfk=">AAAB83icdVDLSgMxFL3js9ZX1aWbYBHERcmUVttdwY3LCvYBnbFk0kwbmskMSUYopb/hxoUibv0Zd/6NaTuCih4IOZxzL/feEySCa4Pxh7Oyura+sZnbym/v7O7tFw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJxldzv3PPlOaxvDWThPkRGUoeckqMlTzZDz0TI/vdnfcLRVzCCyBcqmK3fuFaUq7ieg0jN7OKkKHZL7x7g5imEZOGCqJ1z8WJ8adEGU4Fm+W9VLOE0DEZsp6lkkRM+9PFzjN0apUBCmNlnzRooX7vmJJI60kU2MqImJH+7c3Fv7xeasKaP+UySQ2TdDkoTAWyZ84DQAOuGDViYgmhittdER0RRaixMeVtCF+Xov9Ju1xyccm9qRQblSyOHBzDCZyBC5fQgGtoQgsoJPAAT/DspM6j8+K8LktXnKznCH7AefsEooiRXw==</latexit><latexit sha1_base64="oeM3Z/qxDEJ/xJwUHu2Mbey9Tfk=">AAAB83icdVDLSgMxFL3js9ZX1aWbYBHERcmUVttdwY3LCvYBnbFk0kwbmskMSUYopb/hxoUibv0Zd/6NaTuCih4IOZxzL/feEySCa4Pxh7Oyura+sZnbym/v7O7tFw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJxldzv3PPlOaxvDWThPkRGUoeckqMlTzZDz0TI/vdnfcLRVzCCyBcqmK3fuFaUq7ieg0jN7OKkKHZL7x7g5imEZOGCqJ1z8WJ8adEGU4Fm+W9VLOE0DEZsp6lkkRM+9PFzjN0apUBCmNlnzRooX7vmJJI60kU2MqImJH+7c3Fv7xeasKaP+UySQ2TdDkoTAWyZ84DQAOuGDViYgmhittdER0RRaixMeVtCF+Xov9Ju1xyccm9qRQblSyOHBzDCZyBC5fQgGtoQgsoJPAAT/DspM6j8+K8LktXnKznCH7AefsEooiRXw==</latexit><latexit sha1_base64="oeM3Z/qxDEJ/xJwUHu2Mbey9Tfk=">AAAB83icdVDLSgMxFL3js9ZX1aWbYBHERcmUVttdwY3LCvYBnbFk0kwbmskMSUYopb/hxoUibv0Zd/6NaTuCih4IOZxzL/feEySCa4Pxh7Oyura+sZnbym/v7O7tFw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJxldzv3PPlOaxvDWThPkRGUoeckqMlTzZDz0TI/vdnfcLRVzCCyBcqmK3fuFaUq7ieg0jN7OKkKHZL7x7g5imEZOGCqJ1z8WJ8adEGU4Fm+W9VLOE0DEZsp6lkkRM+9PFzjN0apUBCmNlnzRooX7vmJJI60kU2MqImJH+7c3Fv7xeasKaP+UySQ2TdDkoTAWyZ84DQAOuGDViYgmhittdER0RRaixMeVtCF+Xov9Ju1xyccm9qRQblSyOHBzDCZyBC5fQgGtoQgsoJPAAT/DspM6j8+K8LktXnKznCH7AefsEooiRXw==</latexit>

m ! 0
<latexit sha1_base64="DGxrsthBCUhuwlHrMHoqbDK9jPM=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjKl1XZXcOOygn1AO5RMmmlj8xiSjFBK/8GNC0Xc+j/u/BvTdgQVPRA4nHMvuedECWfGIvTh5dbWNza38tuFnd29/YPi4VHbqFQT2iKKK92NsKGcSdqyzHLaTTTFIuK0E02uFn7nnmrDlLy104SGAo8kixnB1klt0bcKokGxhHy0BER+FQX1i8CRchXVawgGmVUCGZqD4nt/qEgqqLSEY2N6AUpsOMPaMsLpvNBPDU0wmeAR7TkqsaAmnC2vncMzpwxhrLR70sKl+n1jhoUxUxG5SYHt2Pz2FuJfXi+1cS2cMZmklkqy+ihOOXQRF9HhkGlKLJ86golm7lZIxlhjYl1BBVfCV1L4P2mX/QD5wU2l1KhkdeTBCTgF5yAAl6ABrkETtAABd+ABPIFnT3mP3ov3uhrNednOMfgB7+0TLnaO0g==</latexit><latexit sha1_base64="DGxrsthBCUhuwlHrMHoqbDK9jPM=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjKl1XZXcOOygn1AO5RMmmlj8xiSjFBK/8GNC0Xc+j/u/BvTdgQVPRA4nHMvuedECWfGIvTh5dbWNza38tuFnd29/YPi4VHbqFQT2iKKK92NsKGcSdqyzHLaTTTFIuK0E02uFn7nnmrDlLy104SGAo8kixnB1klt0bcKokGxhHy0BER+FQX1i8CRchXVawgGmVUCGZqD4nt/qEgqqLSEY2N6AUpsOMPaMsLpvNBPDU0wmeAR7TkqsaAmnC2vncMzpwxhrLR70sKl+n1jhoUxUxG5SYHt2Pz2FuJfXi+1cS2cMZmklkqy+ihOOXQRF9HhkGlKLJ86golm7lZIxlhjYl1BBVfCV1L4P2mX/QD5wU2l1KhkdeTBCTgF5yAAl6ABrkETtAABd+ABPIFnT3mP3ov3uhrNednOMfgB7+0TLnaO0g==</latexit><latexit sha1_base64="DGxrsthBCUhuwlHrMHoqbDK9jPM=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjKl1XZXcOOygn1AO5RMmmlj8xiSjFBK/8GNC0Xc+j/u/BvTdgQVPRA4nHMvuedECWfGIvTh5dbWNza38tuFnd29/YPi4VHbqFQT2iKKK92NsKGcSdqyzHLaTTTFIuK0E02uFn7nnmrDlLy104SGAo8kixnB1klt0bcKokGxhHy0BER+FQX1i8CRchXVawgGmVUCGZqD4nt/qEgqqLSEY2N6AUpsOMPaMsLpvNBPDU0wmeAR7TkqsaAmnC2vncMzpwxhrLR70sKl+n1jhoUxUxG5SYHt2Pz2FuJfXi+1cS2cMZmklkqy+ihOOXQRF9HhkGlKLJ86golm7lZIxlhjYl1BBVfCV1L4P2mX/QD5wU2l1KhkdeTBCTgF5yAAl6ABrkETtAABd+ABPIFnT3mP3ov3uhrNednOMfgB7+0TLnaO0g==</latexit><latexit sha1_base64="DGxrsthBCUhuwlHrMHoqbDK9jPM=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjKl1XZXcOOygn1AO5RMmmlj8xiSjFBK/8GNC0Xc+j/u/BvTdgQVPRA4nHMvuedECWfGIvTh5dbWNza38tuFnd29/YPi4VHbqFQT2iKKK92NsKGcSdqyzHLaTTTFIuK0E02uFn7nnmrDlLy104SGAo8kixnB1klt0bcKokGxhHy0BER+FQX1i8CRchXVawgGmVUCGZqD4nt/qEgqqLSEY2N6AUpsOMPaMsLpvNBPDU0wmeAR7TkqsaAmnC2vncMzpwxhrLR70sKl+n1jhoUxUxG5SYHt2Pz2FuJfXi+1cS2cMZmklkqy+ihOOXQRF9HhkGlKLJ86golm7lZIxlhjYl1BBVfCV1L4P2mX/QD5wU2l1KhkdeTBCTgF5yAAl6ABrkETtAABd+ABPIFnT3mP3ov3uhrNednOMfgB7+0TLnaO0g==</latexit>



The	EFT	for	dilatons	and	pions	(dChPT)	

						Leading-order	Lagrangian:	
	
	
	
	
	
•  						is	the	fermion	mass,								is	its	anom.	dim.	at																			(i.e.,	at	the	IRFP)									
	
•  The	parameters																													and							are	assumed	small					
						(in	the	“large-mass”	regime,	which	has	approximate	hyper-scaling,	
																																(MG	&	Shamir,	’18))	
•  Field	redefini+on	such	that																	vanishes	(at	tree	level)	for		
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⇡
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4⌧ c1(⌧ � 1/4)
<latexit sha1_base64="7zhObKwE5vmZSa22Z56TWmlwWHc="></latexit><latexit sha1_base64="7zhObKwE5vmZSa22Z56TWmlwWHc="></latexit><latexit sha1_base64="7zhObKwE5vmZSa22Z56TWmlwWHc="></latexit><latexit sha1_base64="7zhObKwE5vmZSa22Z56TWmlwWHc="></latexit>

m
<latexit sha1_base64="hPEnIqTZm8sMno1u+ldaoHys4vI=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgacmWVttbwYvHFmwttEvJprNtbDa7JFmhLP0FXjwo4tWf5M1/Y/ohqOiDgcd7M8zMCxLBtSHkw8mtrW9sbuW3Czu7e/sHxcOjjo5TxaDNYhGrbkA1CC6hbbgR0E0U0CgQcBtMrub+7T0ozWN5Y6YJ+BEdSR5yRo2VWtGgWCIuWQATt0q8+oVnSblK6jWCvZVVQis0B8X3/jBmaQTSMEG17nkkMX5GleFMwKzQTzUklE3oCHqWShqB9rPFoTN8ZpUhDmNlSxq8UL9PZDTSehoFtjOiZqx/e3PxL6+XmrDmZ1wmqQHJlovCVGAT4/nXeMgVMCOmllCmuL0VszFVlBmbTcGG8PUp/p90yq5HXK9VKTUqqzjy6ASdonPkoUvUQNeoidqIIUAP6Ak9O3fOo/PivC5bc85q5hj9gPP2CRMajRE=</latexit><latexit sha1_base64="hPEnIqTZm8sMno1u+ldaoHys4vI=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgacmWVttbwYvHFmwttEvJprNtbDa7JFmhLP0FXjwo4tWf5M1/Y/ohqOiDgcd7M8zMCxLBtSHkw8mtrW9sbuW3Czu7e/sHxcOjjo5TxaDNYhGrbkA1CC6hbbgR0E0U0CgQcBtMrub+7T0ozWN5Y6YJ+BEdSR5yRo2VWtGgWCIuWQATt0q8+oVnSblK6jWCvZVVQis0B8X3/jBmaQTSMEG17nkkMX5GleFMwKzQTzUklE3oCHqWShqB9rPFoTN8ZpUhDmNlSxq8UL9PZDTSehoFtjOiZqx/e3PxL6+XmrDmZ1wmqQHJlovCVGAT4/nXeMgVMCOmllCmuL0VszFVlBmbTcGG8PUp/p90yq5HXK9VKTUqqzjy6ASdonPkoUvUQNeoidqIIUAP6Ak9O3fOo/PivC5bc85q5hj9gPP2CRMajRE=</latexit><latexit sha1_base64="hPEnIqTZm8sMno1u+ldaoHys4vI=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgacmWVttbwYvHFmwttEvJprNtbDa7JFmhLP0FXjwo4tWf5M1/Y/ohqOiDgcd7M8zMCxLBtSHkw8mtrW9sbuW3Czu7e/sHxcOjjo5TxaDNYhGrbkA1CC6hbbgR0E0U0CgQcBtMrub+7T0ozWN5Y6YJ+BEdSR5yRo2VWtGgWCIuWQATt0q8+oVnSblK6jWCvZVVQis0B8X3/jBmaQTSMEG17nkkMX5GleFMwKzQTzUklE3oCHqWShqB9rPFoTN8ZpUhDmNlSxq8UL9PZDTSehoFtjOiZqx/e3PxL6+XmrDmZ1wmqQHJlovCVGAT4/nXeMgVMCOmllCmuL0VszFVlBmbTcGG8PUp/p90yq5HXK9VKTUqqzjy6ASdonPkoUvUQNeoidqIIUAP6Ak9O3fOo/PivC5bc85q5hj9gPP2CRMajRE=</latexit><latexit sha1_base64="feYzCSbqj61LrrcowietRi1DSP8=">AAAB5HicbVDLSgNBEOz1GddX9OplMAiewq4XPQpePEYwD0hCmJ3tTYbMzi4zvUJY8gMevIh49Zu8+TdOHqAmFjQUVd10d0W5kpaC4Mvb2Nza3tmt7Pn7B/7h0XH1pGWzwghsikxlphNxi0pqbJIkhZ3cIE8jhe1ofDfz209orMz0I01y7Kd8qGUiBScnNQbVWlAP5mDrJFySGiwxqH724kwUKWoSilvbDYOc+iU3JIXCqd8rLOZcjPkQu45qnqLtl/Mzp+zCKTFLMuNKE5urvydKnlo7SSPXmXIa2VVvJv7ndQtKbvql1HlBqMViUVIoRhmb/cxiaVCQmjjChZHuViZG3HBBLhnfZRCufrxOWlf1MKiHDz9hQAXO4BwuIYRruIV7aEATBMTwDK/eyHvx3rz3ReOGt5w4hT/wPr4BGDqLAg==</latexit><latexit sha1_base64="Is22OidwaSdK0KWSTR51I3v1N/Q=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKex6MUfBi8cEzAOSJcxOepMxM7PLzKwQlnyBFw+KePWTvPk3Th6gJhY0FFXddHdFqeDG+v6XV9jY3NreKe6W9vYPDo/Kxyctk2SaYZMlItGdiBoUXGHTciuwk2qkMhLYjsa3M7/9iNrwRN3bSYqhpEPFY86odVJD9ssVv+rPQdZJsCQVWKLeL3/2BgnLJCrLBDWmG/ipDXOqLWcCp6VeZjClbEyH2HVUUYkmzOeHTsmFUwYkTrQrZclc/T2RU2nMREauU1I7MqveTPzP62Y2roU5V2lmUbHFojgTxCZk9jUZcI3MiokjlGnubiVsRDVl1mVTciEEqy+vk9ZVNfCrQeMnDSjCGZzDJQRwDTdwB3VoAgOEJ3iBV+/Be/bevPdFa8FbzpzCH3gf36zzjGs=</latexit><latexit sha1_base64="DpiVKxloBFHvfSjPmIfl5QCVT+0=">AAAB6HicdVDLSgMxFL1TX7W+qi7dBIvgasgUqu1OcOOyBdsK7VAyaaaNTTJDkhFK6Re4caGIWz/JnX9j+hAf6IELh3Pu5d57olRwYzF+93Irq2vrG/nNwtb2zu5ecf+gZZJMU9akiUj0TUQME1yxpuVWsJtUMyIjwdrR6HLmt++YNjxR13acslCSgeIxp8Q6qSF7xRL28RwI+xUc1M4CR8oVXKtiFCytEixR7xXfuv2EZpIpSwUxphPg1IYToi2ngk0L3cywlNARGbCOo4pIZsLJ/NApOnFKH8WJdqUsmqvfJyZEGjOWkeuUxA7Nb28m/uV1MhtXwwlXaWaZootFcSaQTdDsa9TnmlErxo4Qqrm7FdEh0YRal03BhfD5KfqftMp+gP2g8ZUG5OEIjuEUAjiHC7iCOjSBAoN7eIQn79Z78J69l0VrzlvOHMIPeK8f7qeMmQ==</latexit><latexit sha1_base64="HZS+tTbeWQyhOOAOqHutr5MCQbM=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgackWq+2t4MVjC/YD2qVk09k2NtldkqxQSn+BFw+KePUnefPfmLYrqOiDgcd7M8zMCxLBtSHkw8mtrW9sbuW3Czu7e/sHxcOjto5TxaDFYhGrbkA1CB5By3AjoJsooDIQ0Akm1wu/cw9K8zi6NdMEfElHEQ85o8ZKTTkolohLlsDErRCvdulZUq6QWpVgL7NKKENjUHzvD2OWSogME1TrnkcS48+oMpwJmBf6qYaEsgkdQc/SiErQ/mx56ByfWWWIw1jZigxeqt8nZlRqPZWB7ZTUjPVvbyH+5fVSE1b9GY+S1EDEVovCVGAT48XXeMgVMCOmllCmuL0VszFVlBmbTcGG8PUp/p+0y65HXK9JSvWLLI48OkGn6Bx56ArV0Q1qoBZiCNADekLPzp3z6Lw4r6vWnJPNHKMfcN4+ARHajQ0=</latexit><latexit sha1_base64="hPEnIqTZm8sMno1u+ldaoHys4vI=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgacmWVttbwYvHFmwttEvJprNtbDa7JFmhLP0FXjwo4tWf5M1/Y/ohqOiDgcd7M8zMCxLBtSHkw8mtrW9sbuW3Czu7e/sHxcOjjo5TxaDNYhGrbkA1CC6hbbgR0E0U0CgQcBtMrub+7T0ozWN5Y6YJ+BEdSR5yRo2VWtGgWCIuWQATt0q8+oVnSblK6jWCvZVVQis0B8X3/jBmaQTSMEG17nkkMX5GleFMwKzQTzUklE3oCHqWShqB9rPFoTN8ZpUhDmNlSxq8UL9PZDTSehoFtjOiZqx/e3PxL6+XmrDmZ1wmqQHJlovCVGAT4/nXeMgVMCOmllCmuL0VszFVlBmbTcGG8PUp/p90yq5HXK9VKTUqqzjy6ASdonPkoUvUQNeoidqIIUAP6Ak9O3fOo/PivC5bc85q5hj9gPP2CRMajRE=</latexit><latexit sha1_base64="hPEnIqTZm8sMno1u+ldaoHys4vI=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgacmWVttbwYvHFmwttEvJprNtbDa7JFmhLP0FXjwo4tWf5M1/Y/ohqOiDgcd7M8zMCxLBtSHkw8mtrW9sbuW3Czu7e/sHxcOjjo5TxaDNYhGrbkA1CC6hbbgR0E0U0CgQcBtMrub+7T0ozWN5Y6YJ+BEdSR5yRo2VWtGgWCIuWQATt0q8+oVnSblK6jWCvZVVQis0B8X3/jBmaQTSMEG17nkkMX5GleFMwKzQTzUklE3oCHqWShqB9rPFoTN8ZpUhDmNlSxq8UL9PZDTSehoFtjOiZqx/e3PxL6+XmrDmZ1wmqQHJlovCVGAT4/nXeMgVMCOmllCmuL0VszFVlBmbTcGG8PUp/p90yq5HXK9VKTUqqzjy6ASdonPkoUvUQNeoidqIIUAP6Ak9O3fOo/PivC5bc85q5hj9gPP2CRMajRE=</latexit><latexit sha1_base64="hPEnIqTZm8sMno1u+ldaoHys4vI=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgacmWVttbwYvHFmwttEvJprNtbDa7JFmhLP0FXjwo4tWf5M1/Y/ohqOiDgcd7M8zMCxLBtSHkw8mtrW9sbuW3Czu7e/sHxcOjjo5TxaDNYhGrbkA1CC6hbbgR0E0U0CgQcBtMrub+7T0ozWN5Y6YJ+BEdSR5yRo2VWtGgWCIuWQATt0q8+oVnSblK6jWCvZVVQis0B8X3/jBmaQTSMEG17nkkMX5GleFMwKzQTzUklE3oCHqWShqB9rPFoTN8ZpUhDmNlSxq8UL9PZDTSehoFtjOiZqx/e3PxL6+XmrDmZ1wmqQHJlovCVGAT4/nXeMgVMCOmllCmuL0VszFVlBmbTcGG8PUp/p90yq5HXK9VKTUqqzjy6ASdonPkoUvUQNeoidqIIUAP6Ak9O3fOo/PivC5bc85q5hj9gPP2CRMajRE=</latexit><latexit sha1_base64="hPEnIqTZm8sMno1u+ldaoHys4vI=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgacmWVttbwYvHFmwttEvJprNtbDa7JFmhLP0FXjwo4tWf5M1/Y/ohqOiDgcd7M8zMCxLBtSHkw8mtrW9sbuW3Czu7e/sHxcOjjo5TxaDNYhGrbkA1CC6hbbgR0E0U0CgQcBtMrub+7T0ozWN5Y6YJ+BEdSR5yRo2VWtGgWCIuWQATt0q8+oVnSblK6jWCvZVVQis0B8X3/jBmaQTSMEG17nkkMX5GleFMwKzQTzUklE3oCHqWShqB9rPFoTN8ZpUhDmNlSxq8UL9PZDTSehoFtjOiZqx/e3PxL6+XmrDmZ1wmqQHJlovCVGAT4/nXeMgVMCOmllCmuL0VszFVlBmbTcGG8PUp/p90yq5HXK9VKTUqqzjy6ASdonPkoUvUQNeoidqIIUAP6Ak9O3fOo/PivC5bc85q5hj9gPP2CRMajRE=</latexit><latexit sha1_base64="hPEnIqTZm8sMno1u+ldaoHys4vI=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgacmWVttbwYvHFmwttEvJprNtbDa7JFmhLP0FXjwo4tWf5M1/Y/ohqOiDgcd7M8zMCxLBtSHkw8mtrW9sbuW3Czu7e/sHxcOjjo5TxaDNYhGrbkA1CC6hbbgR0E0U0CgQcBtMrub+7T0ozWN5Y6YJ+BEdSR5yRo2VWtGgWCIuWQATt0q8+oVnSblK6jWCvZVVQis0B8X3/jBmaQTSMEG17nkkMX5GleFMwKzQTzUklE3oCHqWShqB9rPFoTN8ZpUhDmNlSxq8UL9PZDTSehoFtjOiZqx/e3PxL6+XmrDmZ1wmqQHJlovCVGAT4/nXeMgVMCOmllCmuL0VszFVlBmbTcGG8PUp/p90yq5HXK9VKTUqqzjy6ASdonPkoUvUQNeoidqIIUAP6Ak9O3fOo/PivC5bc85q5hj9gPP2CRMajRE=</latexit><latexit sha1_base64="hPEnIqTZm8sMno1u+ldaoHys4vI=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgacmWVttbwYvHFmwttEvJprNtbDa7JFmhLP0FXjwo4tWf5M1/Y/ohqOiDgcd7M8zMCxLBtSHkw8mtrW9sbuW3Czu7e/sHxcOjjo5TxaDNYhGrbkA1CC6hbbgR0E0U0CgQcBtMrub+7T0ozWN5Y6YJ+BEdSR5yRo2VWtGgWCIuWQATt0q8+oVnSblK6jWCvZVVQis0B8X3/jBmaQTSMEG17nkkMX5GleFMwKzQTzUklE3oCHqWShqB9rPFoTN8ZpUhDmNlSxq8UL9PZDTSehoFtjOiZqx/e3PxL6+XmrDmZ1wmqQHJlovCVGAT4/nXeMgVMCOmllCmuL0VszFVlBmbTcGG8PUp/p90yq5HXK9VKTUqqzjy6ASdonPkoUvUQNeoidqIIUAP6Ak9O3fOo/PivC5bc85q5hj9gPP2CRMajRE=</latexit>

�⇤
<latexit sha1_base64="D9FPlG5cCs+ZjutNJPUX+pkhVxU=">AAAB73icdVBNSwMxEM36WetX1aOXYBHEw5Itrba3ghePFewHtEuZTbNtaLK7JlmhlP4JLx4U8erf8ea/MW1XUNEHA4/3ZpiZFySCa0PIh7Oyura+sZnbym/v7O7tFw4OWzpOFWVNGotYdQLQTPCINQ03gnUSxUAGgrWD8dXcb98zpXkc3ZpJwnwJw4iHnIKxUqc3BCmhf94vFIlLFsDErRCvduFZUqqQWpVgL7OKKEOjX3jvDWKaShYZKkDrrkcS409BGU4Fm+V7qWYJ0DEMWdfSCCTT/nRx7wyfWmWAw1jZigxeqN8npiC1nsjAdkowI/3bm4t/ed3UhFV/yqMkNSyiy0VhKrCJ8fx5POCKUSMmlgBV3N6K6QgUUGMjytsQvj7F/5NWyfWI692Ui/VyFkcOHaMTdIY8dInq6Bo1UBNRJNADekLPzp3z6Lw4r8vWFSebOUI/4Lx9AuMXj9I=</latexit><latexit sha1_base64="D9FPlG5cCs+ZjutNJPUX+pkhVxU=">AAAB73icdVBNSwMxEM36WetX1aOXYBHEw5Itrba3ghePFewHtEuZTbNtaLK7JlmhlP4JLx4U8erf8ea/MW1XUNEHA4/3ZpiZFySCa0PIh7Oyura+sZnbym/v7O7tFw4OWzpOFWVNGotYdQLQTPCINQ03gnUSxUAGgrWD8dXcb98zpXkc3ZpJwnwJw4iHnIKxUqc3BCmhf94vFIlLFsDErRCvduFZUqqQWpVgL7OKKEOjX3jvDWKaShYZKkDrrkcS409BGU4Fm+V7qWYJ0DEMWdfSCCTT/nRx7wyfWmWAw1jZigxeqN8npiC1nsjAdkowI/3bm4t/ed3UhFV/yqMkNSyiy0VhKrCJ8fx5POCKUSMmlgBV3N6K6QgUUGMjytsQvj7F/5NWyfWI692Ui/VyFkcOHaMTdIY8dInq6Bo1UBNRJNADekLPzp3z6Lw4r8vWFSebOUI/4Lx9AuMXj9I=</latexit><latexit sha1_base64="D9FPlG5cCs+ZjutNJPUX+pkhVxU=">AAAB73icdVBNSwMxEM36WetX1aOXYBHEw5Itrba3ghePFewHtEuZTbNtaLK7JlmhlP4JLx4U8erf8ea/MW1XUNEHA4/3ZpiZFySCa0PIh7Oyura+sZnbym/v7O7tFw4OWzpOFWVNGotYdQLQTPCINQ03gnUSxUAGgrWD8dXcb98zpXkc3ZpJwnwJw4iHnIKxUqc3BCmhf94vFIlLFsDErRCvduFZUqqQWpVgL7OKKEOjX3jvDWKaShYZKkDrrkcS409BGU4Fm+V7qWYJ0DEMWdfSCCTT/nRx7wyfWmWAw1jZigxeqN8npiC1nsjAdkowI/3bm4t/ed3UhFV/yqMkNSyiy0VhKrCJ8fx5POCKUSMmlgBV3N6K6QgUUGMjytsQvj7F/5NWyfWI692Ui/VyFkcOHaMTdIY8dInq6Bo1UBNRJNADekLPzp3z6Lw4r8vWFSebOUI/4Lx9AuMXj9I=</latexit><latexit sha1_base64="D9FPlG5cCs+ZjutNJPUX+pkhVxU=">AAAB73icdVBNSwMxEM36WetX1aOXYBHEw5Itrba3ghePFewHtEuZTbNtaLK7JlmhlP4JLx4U8erf8ea/MW1XUNEHA4/3ZpiZFySCa0PIh7Oyura+sZnbym/v7O7tFw4OWzpOFWVNGotYdQLQTPCINQ03gnUSxUAGgrWD8dXcb98zpXkc3ZpJwnwJw4iHnIKxUqc3BCmhf94vFIlLFsDErRCvduFZUqqQWpVgL7OKKEOjX3jvDWKaShYZKkDrrkcS409BGU4Fm+V7qWYJ0DEMWdfSCCTT/nRx7wyfWmWAw1jZigxeqN8npiC1nsjAdkowI/3bm4t/ed3UhFV/yqMkNSyiy0VhKrCJ8fx5POCKUSMmlgBV3N6K6QgUUGMjytsQvj7F/5NWyfWI692Ui/VyFkcOHaMTdIY8dInq6Bo1UBNRJNADekLPzp3z6Lw4r8vWFSebOUI/4Lx9AuMXj9I=</latexit>

nf = n⇤
f

<latexit sha1_base64="FrE1PcKkzR174KAmYK30tPafcDE=">AAAB8HicdVDLSgMxFM34rPVVdekmWARxMWRKq+1CKLhxWcE+pB1LJs20oUlmSDJCGfoVblwo4tbPceffmLYjqOiBC4dz7uXee4KYM20Q+nCWlldW19ZzG/nNre2d3cLefktHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHw589v3VGkWyRsziakv8FCykBFsrHQr++GFrbvTfqGIXDQHRG4FebUzz5JSBdWqCHqZVQQZGv3Ce28QkURQaQjHWnc9FBs/xcowwuk030s0jTEZ4yHtWiqxoNpP5wdP4bFVBjCMlC1p4Fz9PpFiofVEBLZTYDPSv72Z+JfXTUxY9VMm48RQSRaLwoRDE8HZ93DAFCWGTyzBRDF7KyQjrDAxNqO8DeHrU/g/aZVcD7nedblYL2dx5MAhOAInwAPnoA6uQAM0AQECPIAn8Owo59F5cV4XrUtONnMAfsB5+wRwUpAf</latexit><latexit sha1_base64="FrE1PcKkzR174KAmYK30tPafcDE=">AAAB8HicdVDLSgMxFM34rPVVdekmWARxMWRKq+1CKLhxWcE+pB1LJs20oUlmSDJCGfoVblwo4tbPceffmLYjqOiBC4dz7uXee4KYM20Q+nCWlldW19ZzG/nNre2d3cLefktHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHw589v3VGkWyRsziakv8FCykBFsrHQr++GFrbvTfqGIXDQHRG4FebUzz5JSBdWqCHqZVQQZGv3Ce28QkURQaQjHWnc9FBs/xcowwuk030s0jTEZ4yHtWiqxoNpP5wdP4bFVBjCMlC1p4Fz9PpFiofVEBLZTYDPSv72Z+JfXTUxY9VMm48RQSRaLwoRDE8HZ93DAFCWGTyzBRDF7KyQjrDAxNqO8DeHrU/g/aZVcD7nedblYL2dx5MAhOAInwAPnoA6uQAM0AQECPIAn8Owo59F5cV4XrUtONnMAfsB5+wRwUpAf</latexit><latexit sha1_base64="FrE1PcKkzR174KAmYK30tPafcDE=">AAAB8HicdVDLSgMxFM34rPVVdekmWARxMWRKq+1CKLhxWcE+pB1LJs20oUlmSDJCGfoVblwo4tbPceffmLYjqOiBC4dz7uXee4KYM20Q+nCWlldW19ZzG/nNre2d3cLefktHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHw589v3VGkWyRsziakv8FCykBFsrHQr++GFrbvTfqGIXDQHRG4FebUzz5JSBdWqCHqZVQQZGv3Ce28QkURQaQjHWnc9FBs/xcowwuk030s0jTEZ4yHtWiqxoNpP5wdP4bFVBjCMlC1p4Fz9PpFiofVEBLZTYDPSv72Z+JfXTUxY9VMm48RQSRaLwoRDE8HZ93DAFCWGTyzBRDF7KyQjrDAxNqO8DeHrU/g/aZVcD7nedblYL2dx5MAhOAInwAPnoA6uQAM0AQECPIAn8Owo59F5cV4XrUtONnMAfsB5+wRwUpAf</latexit><latexit sha1_base64="FrE1PcKkzR174KAmYK30tPafcDE=">AAAB8HicdVDLSgMxFM34rPVVdekmWARxMWRKq+1CKLhxWcE+pB1LJs20oUlmSDJCGfoVblwo4tbPceffmLYjqOiBC4dz7uXee4KYM20Q+nCWlldW19ZzG/nNre2d3cLefktHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHw589v3VGkWyRsziakv8FCykBFsrHQr++GFrbvTfqGIXDQHRG4FebUzz5JSBdWqCHqZVQQZGv3Ce28QkURQaQjHWnc9FBs/xcowwuk030s0jTEZ4yHtWiqxoNpP5wdP4bFVBjCMlC1p4Fz9PpFiofVEBLZTYDPSv72Z+JfXTUxY9VMm48RQSRaLwoRDE8HZ93DAFCWGTyzBRDF7KyQjrDAxNqO8DeHrU/g/aZVcD7nedblYL2dx5MAhOAInwAPnoA6uQAM0AQECPIAn8Owo59F5cV4XrUtONnMAfsB5+wRwUpAf</latexit>

c1 / nf � n⇤
f

<latexit sha1_base64="jlQVGCNUIbpRwPIDuKlzsoGUpXw=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCCA6Z0mq7K7hxWcG2QjsOmTTThmYyQ5IRain+ihsXirj1P9z5N6btCCp64MLhnHu5954g4UxphD6s3MLi0vJKfrWwtr6xuWVv77RUnEpCmyTmsbwOsKKcCdrUTHN6nUiKo4DTdjA8n/rtWyoVi8WVHiXUi3BfsJARrI3k23vEd7uJjBMdQ+GHJ6Zujn27iBw0A0ROBbm1U9eQUgXVqgi6mVUEGRq+/d7txSSNqNCEY6U6Lkq0N8ZSM8LppNBNFU0wGeI+7RgqcESVN55dP4GHRunBMJamhIYz9fvEGEdKjaLAdEZYD9Rvbyr+5XVSHVa9MRNJqqkg80VhyqF5dRoF7DFJieYjQzCRzNwKyQBLTLQJrGBC+PoU/k9aJcdFjntZLtbLWRx5sA8OwBFwwRmogwvQAE1AwB14AE/g2bq3Hq0X63XemrOymV3wA9bbJ81plME=</latexit><latexit sha1_base64="jlQVGCNUIbpRwPIDuKlzsoGUpXw=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCCA6Z0mq7K7hxWcG2QjsOmTTThmYyQ5IRain+ihsXirj1P9z5N6btCCp64MLhnHu5954g4UxphD6s3MLi0vJKfrWwtr6xuWVv77RUnEpCmyTmsbwOsKKcCdrUTHN6nUiKo4DTdjA8n/rtWyoVi8WVHiXUi3BfsJARrI3k23vEd7uJjBMdQ+GHJ6Zujn27iBw0A0ROBbm1U9eQUgXVqgi6mVUEGRq+/d7txSSNqNCEY6U6Lkq0N8ZSM8LppNBNFU0wGeI+7RgqcESVN55dP4GHRunBMJamhIYz9fvEGEdKjaLAdEZYD9Rvbyr+5XVSHVa9MRNJqqkg80VhyqF5dRoF7DFJieYjQzCRzNwKyQBLTLQJrGBC+PoU/k9aJcdFjntZLtbLWRx5sA8OwBFwwRmogwvQAE1AwB14AE/g2bq3Hq0X63XemrOymV3wA9bbJ81plME=</latexit><latexit sha1_base64="jlQVGCNUIbpRwPIDuKlzsoGUpXw=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCCA6Z0mq7K7hxWcG2QjsOmTTThmYyQ5IRain+ihsXirj1P9z5N6btCCp64MLhnHu5954g4UxphD6s3MLi0vJKfrWwtr6xuWVv77RUnEpCmyTmsbwOsKKcCdrUTHN6nUiKo4DTdjA8n/rtWyoVi8WVHiXUi3BfsJARrI3k23vEd7uJjBMdQ+GHJ6Zujn27iBw0A0ROBbm1U9eQUgXVqgi6mVUEGRq+/d7txSSNqNCEY6U6Lkq0N8ZSM8LppNBNFU0wGeI+7RgqcESVN55dP4GHRunBMJamhIYz9fvEGEdKjaLAdEZYD9Rvbyr+5XVSHVa9MRNJqqkg80VhyqF5dRoF7DFJieYjQzCRzNwKyQBLTLQJrGBC+PoU/k9aJcdFjntZLtbLWRx5sA8OwBFwwRmogwvQAE1AwB14AE/g2bq3Hq0X63XemrOymV3wA9bbJ81plME=</latexit><latexit sha1_base64="jlQVGCNUIbpRwPIDuKlzsoGUpXw=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCCA6Z0mq7K7hxWcG2QjsOmTTThmYyQ5IRain+ihsXirj1P9z5N6btCCp64MLhnHu5954g4UxphD6s3MLi0vJKfrWwtr6xuWVv77RUnEpCmyTmsbwOsKKcCdrUTHN6nUiKo4DTdjA8n/rtWyoVi8WVHiXUi3BfsJARrI3k23vEd7uJjBMdQ+GHJ6Zujn27iBw0A0ROBbm1U9eQUgXVqgi6mVUEGRq+/d7txSSNqNCEY6U6Lkq0N8ZSM8LppNBNFU0wGeI+7RgqcESVN55dP4GHRunBMJamhIYz9fvEGEdKjaLAdEZYD9Rvbyr+5XVSHVa9MRNJqqkg80VhyqF5dRoF7DFJieYjQzCRzNwKyQBLTLQJrGBC+PoU/k9aJcdFjntZLtbLWRx5sA8OwBFwwRmogwvQAE1AwB14AE/g2bq3Hq0X63XemrOymV3wA9bbJ81plME=</latexit>

m
<latexit sha1_base64="hPEnIqTZm8sMno1u+ldaoHys4vI=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgacmWVttbwYvHFmwttEvJprNtbDa7JFmhLP0FXjwo4tWf5M1/Y/ohqOiDgcd7M8zMCxLBtSHkw8mtrW9sbuW3Czu7e/sHxcOjjo5TxaDNYhGrbkA1CC6hbbgR0E0U0CgQcBtMrub+7T0ozWN5Y6YJ+BEdSR5yRo2VWtGgWCIuWQATt0q8+oVnSblK6jWCvZVVQis0B8X3/jBmaQTSMEG17nkkMX5GleFMwKzQTzUklE3oCHqWShqB9rPFoTN8ZpUhDmNlSxq8UL9PZDTSehoFtjOiZqx/e3PxL6+XmrDmZ1wmqQHJlovCVGAT4/nXeMgVMCOmllCmuL0VszFVlBmbTcGG8PUp/p90yq5HXK9VKTUqqzjy6ASdonPkoUvUQNeoidqIIUAP6Ak9O3fOo/PivC5bc85q5hj9gPP2CRMajRE=</latexit><latexit sha1_base64="hPEnIqTZm8sMno1u+ldaoHys4vI=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgacmWVttbwYvHFmwttEvJprNtbDa7JFmhLP0FXjwo4tWf5M1/Y/ohqOiDgcd7M8zMCxLBtSHkw8mtrW9sbuW3Czu7e/sHxcOjjo5TxaDNYhGrbkA1CC6hbbgR0E0U0CgQcBtMrub+7T0ozWN5Y6YJ+BEdSR5yRo2VWtGgWCIuWQATt0q8+oVnSblK6jWCvZVVQis0B8X3/jBmaQTSMEG17nkkMX5GleFMwKzQTzUklE3oCHqWShqB9rPFoTN8ZpUhDmNlSxq8UL9PZDTSehoFtjOiZqx/e3PxL6+XmrDmZ1wmqQHJlovCVGAT4/nXeMgVMCOmllCmuL0VszFVlBmbTcGG8PUp/p90yq5HXK9VKTUqqzjy6ASdonPkoUvUQNeoidqIIUAP6Ak9O3fOo/PivC5bc85q5hj9gPP2CRMajRE=</latexit><latexit sha1_base64="hPEnIqTZm8sMno1u+ldaoHys4vI=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgacmWVttbwYvHFmwttEvJprNtbDa7JFmhLP0FXjwo4tWf5M1/Y/ohqOiDgcd7M8zMCxLBtSHkw8mtrW9sbuW3Czu7e/sHxcOjjo5TxaDNYhGrbkA1CC6hbbgR0E0U0CgQcBtMrub+7T0ozWN5Y6YJ+BEdSR5yRo2VWtGgWCIuWQATt0q8+oVnSblK6jWCvZVVQis0B8X3/jBmaQTSMEG17nkkMX5GleFMwKzQTzUklE3oCHqWShqB9rPFoTN8ZpUhDmNlSxq8UL9PZDTSehoFtjOiZqx/e3PxL6+XmrDmZ1wmqQHJlovCVGAT4/nXeMgVMCOmllCmuL0VszFVlBmbTcGG8PUp/p90yq5HXK9VKTUqqzjy6ASdonPkoUvUQNeoidqIIUAP6Ak9O3fOo/PivC5bc85q5hj9gPP2CRMajRE=</latexit><latexit sha1_base64="hPEnIqTZm8sMno1u+ldaoHys4vI=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgacmWVttbwYvHFmwttEvJprNtbDa7JFmhLP0FXjwo4tWf5M1/Y/ohqOiDgcd7M8zMCxLBtSHkw8mtrW9sbuW3Czu7e/sHxcOjjo5TxaDNYhGrbkA1CC6hbbgR0E0U0CgQcBtMrub+7T0ozWN5Y6YJ+BEdSR5yRo2VWtGgWCIuWQATt0q8+oVnSblK6jWCvZVVQis0B8X3/jBmaQTSMEG17nkkMX5GleFMwKzQTzUklE3oCHqWShqB9rPFoTN8ZpUhDmNlSxq8UL9PZDTSehoFtjOiZqx/e3PxL6+XmrDmZ1wmqQHJlovCVGAT4/nXeMgVMCOmllCmuL0VszFVlBmbTcGG8PUp/p90yq5HXK9VKTUqqzjy6ASdonPkoUvUQNeoidqIIUAP6Ak9O3fOo/PivC5bc85q5hj9gPP2CRMajRE=</latexit>

m = 0
<latexit sha1_base64="2upLTwQe7PcNRLO+cHlekzbMrKM=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4WrKl1fYgFLx4rGg/oF1KNs22odnskmSFUvoTvHhQxKu/yJv/xrRdQUUfDDzem2FmXpAIrg3GH87K6tr6xmZuK7+9s7u3Xzg4bOk4VZQ1aSxi1QmIZoJL1jTcCNZJFCNRIFg7GF/N/fY9U5rH8s5MEuZHZCh5yCkxVrqNLnG/UMQuXgBht4K92rlnSamCa1WMvMwqQoZGv/DeG8Q0jZg0VBCtux5OjD8lynAq2CzfSzVLCB2TIetaKknEtD9dnDpDp1YZoDBWtqRBC/X7xJREWk+iwHZGxIz0b28u/uV1UxNW/SmXSWqYpMtFYSqQidH8bzTgilEjJpYQqri9FdERUYQam07ehvD1KfqftEquh13vplysl7M4cnAMJ3AGHlxAHa6hAU2gMIQHeIJnRziPzovzumxdcbKZI/gB5+0TAz6Nkg==</latexit><latexit sha1_base64="2upLTwQe7PcNRLO+cHlekzbMrKM=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4WrKl1fYgFLx4rGg/oF1KNs22odnskmSFUvoTvHhQxKu/yJv/xrRdQUUfDDzem2FmXpAIrg3GH87K6tr6xmZuK7+9s7u3Xzg4bOk4VZQ1aSxi1QmIZoJL1jTcCNZJFCNRIFg7GF/N/fY9U5rH8s5MEuZHZCh5yCkxVrqNLnG/UMQuXgBht4K92rlnSamCa1WMvMwqQoZGv/DeG8Q0jZg0VBCtux5OjD8lynAq2CzfSzVLCB2TIetaKknEtD9dnDpDp1YZoDBWtqRBC/X7xJREWk+iwHZGxIz0b28u/uV1UxNW/SmXSWqYpMtFYSqQidH8bzTgilEjJpYQqri9FdERUYQam07ehvD1KfqftEquh13vplysl7M4cnAMJ3AGHlxAHa6hAU2gMIQHeIJnRziPzovzumxdcbKZI/gB5+0TAz6Nkg==</latexit><latexit sha1_base64="2upLTwQe7PcNRLO+cHlekzbMrKM=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4WrKl1fYgFLx4rGg/oF1KNs22odnskmSFUvoTvHhQxKu/yJv/xrRdQUUfDDzem2FmXpAIrg3GH87K6tr6xmZuK7+9s7u3Xzg4bOk4VZQ1aSxi1QmIZoJL1jTcCNZJFCNRIFg7GF/N/fY9U5rH8s5MEuZHZCh5yCkxVrqNLnG/UMQuXgBht4K92rlnSamCa1WMvMwqQoZGv/DeG8Q0jZg0VBCtux5OjD8lynAq2CzfSzVLCB2TIetaKknEtD9dnDpDp1YZoDBWtqRBC/X7xJREWk+iwHZGxIz0b28u/uV1UxNW/SmXSWqYpMtFYSqQidH8bzTgilEjJpYQqri9FdERUYQam07ehvD1KfqftEquh13vplysl7M4cnAMJ3AGHlxAHa6hAU2gMIQHeIJnRziPzovzumxdcbKZI/gB5+0TAz6Nkg==</latexit><latexit sha1_base64="2upLTwQe7PcNRLO+cHlekzbMrKM=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4WrKl1fYgFLx4rGg/oF1KNs22odnskmSFUvoTvHhQxKu/yJv/xrRdQUUfDDzem2FmXpAIrg3GH87K6tr6xmZuK7+9s7u3Xzg4bOk4VZQ1aSxi1QmIZoJL1jTcCNZJFCNRIFg7GF/N/fY9U5rH8s5MEuZHZCh5yCkxVrqNLnG/UMQuXgBht4K92rlnSamCa1WMvMwqQoZGv/DeG8Q0jZg0VBCtux5OjD8lynAq2CzfSzVLCB2TIetaKknEtD9dnDpDp1YZoDBWtqRBC/X7xJREWk+iwHZGxIz0b28u/uV1UxNW/SmXSWqYpMtFYSqQidH8bzTgilEjJpYQqri9FdERUYQam07ehvD1KfqftEquh13vplysl7M4cnAMJ3AGHlxAHa6hAU2gMIQHeIJnRziPzovzumxdcbKZI/gB5+0TAz6Nkg==</latexit>

v ⌘ h⌧i
<latexit sha1_base64="POqulpcUKZjJC8TJ/PIzVUiylVY=">AAACAnicdVBNS0JBFJ1nX2ZfVqtoMyRBK5knWroT2rQ0yA/wicwbrzo4b95rZp4gIm36K21aFNG2X9Guf9P4NKioAxcO59zLvff4keDaEPLhpFZW19Y30puZre2d3b3s/kFDh7FiUGehCFXLpxoEl1A33AhoRQpo4Ato+qPLud8cg9I8lDdmEkEnoAPJ+5xRY6Vu9mjswW3Mx56gciDAMzT2VEK72RzJkwSY5EvErZy7lhRKpFIm2F1aObRErZt993ohiwOQhgmqddslkelMqTKcCZhlvFhDRNmIDqBtqaQB6M40eWGGT63Sw/1Q2ZIGJ+r3iSkNtJ4Evu0MqBnq395c/Mtrx6Zf7ky5jGIDki0W9WOBTYjneeAeV8CMmFhCmeL2VsyGVFFmbGoZG8LXp/h/0ijkXZJ3r4u5anEZRxodoxN0hlx0garoCtVQHTF0hx7QE3p27p1H58V5XbSmnOXMIfoB5+0TbZKYCw==</latexit><latexit sha1_base64="POqulpcUKZjJC8TJ/PIzVUiylVY=">AAACAnicdVBNS0JBFJ1nX2ZfVqtoMyRBK5knWroT2rQ0yA/wicwbrzo4b95rZp4gIm36K21aFNG2X9Guf9P4NKioAxcO59zLvff4keDaEPLhpFZW19Y30puZre2d3b3s/kFDh7FiUGehCFXLpxoEl1A33AhoRQpo4Ato+qPLud8cg9I8lDdmEkEnoAPJ+5xRY6Vu9mjswW3Mx56gciDAMzT2VEK72RzJkwSY5EvErZy7lhRKpFIm2F1aObRErZt993ohiwOQhgmqddslkelMqTKcCZhlvFhDRNmIDqBtqaQB6M40eWGGT63Sw/1Q2ZIGJ+r3iSkNtJ4Evu0MqBnq395c/Mtrx6Zf7ky5jGIDki0W9WOBTYjneeAeV8CMmFhCmeL2VsyGVFFmbGoZG8LXp/h/0ijkXZJ3r4u5anEZRxodoxN0hlx0garoCtVQHTF0hx7QE3p27p1H58V5XbSmnOXMIfoB5+0TbZKYCw==</latexit><latexit sha1_base64="POqulpcUKZjJC8TJ/PIzVUiylVY=">AAACAnicdVBNS0JBFJ1nX2ZfVqtoMyRBK5knWroT2rQ0yA/wicwbrzo4b95rZp4gIm36K21aFNG2X9Guf9P4NKioAxcO59zLvff4keDaEPLhpFZW19Y30puZre2d3b3s/kFDh7FiUGehCFXLpxoEl1A33AhoRQpo4Ato+qPLud8cg9I8lDdmEkEnoAPJ+5xRY6Vu9mjswW3Mx56gciDAMzT2VEK72RzJkwSY5EvErZy7lhRKpFIm2F1aObRErZt993ohiwOQhgmqddslkelMqTKcCZhlvFhDRNmIDqBtqaQB6M40eWGGT63Sw/1Q2ZIGJ+r3iSkNtJ4Evu0MqBnq395c/Mtrx6Zf7ky5jGIDki0W9WOBTYjneeAeV8CMmFhCmeL2VsyGVFFmbGoZG8LXp/h/0ijkXZJ3r4u5anEZRxodoxN0hlx0garoCtVQHTF0hx7QE3p27p1H58V5XbSmnOXMIfoB5+0TbZKYCw==</latexit><latexit sha1_base64="POqulpcUKZjJC8TJ/PIzVUiylVY=">AAACAnicdVBNS0JBFJ1nX2ZfVqtoMyRBK5knWroT2rQ0yA/wicwbrzo4b95rZp4gIm36K21aFNG2X9Guf9P4NKioAxcO59zLvff4keDaEPLhpFZW19Y30puZre2d3b3s/kFDh7FiUGehCFXLpxoEl1A33AhoRQpo4Ato+qPLud8cg9I8lDdmEkEnoAPJ+5xRY6Vu9mjswW3Mx56gciDAMzT2VEK72RzJkwSY5EvErZy7lhRKpFIm2F1aObRErZt993ohiwOQhgmqddslkelMqTKcCZhlvFhDRNmIDqBtqaQB6M40eWGGT63Sw/1Q2ZIGJ+r3iSkNtJ4Evu0MqBnq395c/Mtrx6Zf7ky5jGIDki0W9WOBTYjneeAeV8CMmFhCmeL2VsyGVFFmbGoZG8LXp/h/0ijkXZJ3r4u5anEZRxodoxN0hlx0garoCtVQHTF0hx7QE3p27p1H58V5XbSmnOXMIfoB5+0TbZKYCw==</latexit>

3	

c1 logm ⌧ 1

<latexit sha1_base64="8Er5rTLOms4Un58Lp7VbSuDpkXQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyGprba7ghuXFewDOsOQSdM2NPMgyQh16Je4caGIWz/FnX9j2o6gogcuHM65l3vvCRLBlUbowyqsrW9sbhW3Szu7e/tl++Cwq+JUUtahsYhlPyCKCR6xjuZasH4iGQkDwXrB9Grh9+6YVDyObvUsYV5IxhEfcUq0kXy7TH3sinichXNXCIh9u4IctARETh3h5gU2pFpHzQaCOLcqIEfbt9/dYUzTkEWaCqLUAKNEexmRmlPB5iU3VSwhdErGbGBoREKmvGx5+ByeGmUIR7E0FWm4VL9PZCRUahYGpjMkeqJ+ewvxL2+Q6lHDy3iUpJpFdLVolAqoY7hIAQ65ZFSLmSGESm5uhXRCJKHaZFUyIXx9Cv8n3aqDzx10U6u0ankcRXAMTsAZwOAStMA1aIMOoCAFD+AJPFv31qP1Yr2uWgtWPnMEfsB6+wRiUZLe</latexit>



``Large	mass’’	regime									(MG	&	Shamir,	’18)	

4	

From	LSD	(courtesy	E.	Neil).			Evidence	for	hyper-scaling,							dominates		
																																																					breaking	of	scale	invariance.	

m
<latexit sha1_base64="C21kgpl4Nj7/jS3k8jZElxq5r0A=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjK11XZXcOOyBfuAdiiZNNPGJpkhyQhl6Be4caGIWz/JnX9j2o6gogcuHM65l3vvCWLOtEHow8mtrW9sbuW3Czu7e/sHxcOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Hrhd++p0iySt2YWU1/gsWQhI9hYqSWGxRJy0RIQuVXk1S89S8pVVK8h6GVWCWRoDovvg1FEEkGlIRxr3fdQbPwUK8MIp/PCINE0xmSKx7RvqcSCaj9dHjqHZ1YZwTBStqSBS/X7RIqF1jMR2E6BzUT/9hbiX14/MWHNT5mME0MlWS0KEw5NBBdfwxFTlBg+swQTxeytkEywwsTYbAo2hK9P4f+kU3a9Cxe1KqVGJYsjD07AKTgHHrgCDXADmqANCKDgATyBZ+fOeXRenNdVa87JZo7BDzhvnxPEjRM=</latexit>



Tree	level	predic+ons	

•  Minimize	poten+al:	

•  Pion	decay	constant:	

•  Pion	mass:	

•  (Dilaton	mass:																																																																																																	)					

These	results	lead	to	
	
	
and	
	
	
which	can	be	fit	to	the	data	if	we	assume	that						is	independent	of								(check!)			

5	

m

c1M̂
= v e(1+�⇤)v , M̂ =

4f̂2
⌧ B̂⌧

f̂2
⇡B̂⇡Nf (3� �⇤)

<latexit sha1_base64="qbM1536g5d9WNJ1K8P01B1VVCs4="></latexit>

F⇡ = f̂⇡ e
v(m)

<latexit sha1_base64="DMQXaXcH44R5YXpM7YGEjX5+fig=">AAACBXicdVDLSgMxFM3UV62vqktdBItQQUqmttouhIIgLivYB3RqyaSZNjTzIMkUyjAbN/6KGxeKuPUf3Pk3pu0IKnrgwsk595J7jx1wJhVCH0ZqYXFpeSW9mllb39jcym7vNKUfCkIbxOe+aNtYUs482lBMcdoOBMWuzWnLHl1M/daYCsl870ZNAtp18cBjDiNYaamX3b/sWQE7j6whVtCJpw/rmN5G47x7FPeyOVRAM0BUKCOzempqUiyjagVBM7FyIEG9l323+j4JXeopwrGUHRMFqhthoRjhNM5YoaQBJiM8oB1NPexS2Y1mV8TwUCt96PhCl6fgTP0+EWFXyolr604Xq6H87U3Fv7xOqJxKN2JeECrqkflHTsih8uE0EthnghLFJ5pgIpjeFZIhFpgoHVxGh/B1KfyfNIsF86SArku5WimJIw32wAHIAxOcgRq4AnXQAATcgQfwBJ6Ne+PReDFe560pI5nZBT9gvH0C2QOYHg==</latexit>

M2
⇡ = 2B̂⇡me(1��⇤)v(m)

<latexit sha1_base64="hA63G8G9O1CJJJCTW9Jn8Z2toYE="></latexit>

�p
t0M⇡

�2 �p
t0F⇡

��⇤�1
= C

�
t0/a

2
��⇤/2 �pt0m

�
<latexit sha1_base64="KV5M/ksLlYC4AtdcfkiwjZ/iV0A="></latexit>

m

F⇡
= D2

M2
⇡

F 2
⇡

exp

✓
D1

M2
⇡

F 2
⇡

◆

<latexit sha1_base64="rkTYjbjEFtKscehKN3MVUWFDctQ="></latexit>

a
<latexit sha1_base64="iEny7sivL20v/8PBym8/ua29xvU=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNiSa3gBePCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/4yRZQUULGoqqbrq7vFhwpQn5sHJr6xubW/ntws7u3v5B8fCoo6JEMmizSESy51EFgofQ1lwL6MUSaOAJ6HrT64XfvQepeBTe6lkMbkDHIfc5o9pILToslohNlsDErhKnfukYUq6Seo1gJ7NKKENzWHwfjCKWBBBqJqhSfYfE2k2p1JwJmBcGiYKYsikdQ9/QkAag3HR56ByfGWWE/UiaCjVeqt8nUhooNQs80xlQPVG/vYX4l9dPtF9zUx7GiYaQrRb5icA6wouv8YhLYFrMDKFMcnMrZhMqKdMmm4IJ4etT/D/plG3nwiatSqlRyeLIoxN0is6Rg65QA92gJmojhgA9oCf0bN1Zj9aL9bpqzVnZzDH6AevtEwGUjQc=</latexit>

m
<latexit sha1_base64="C21kgpl4Nj7/jS3k8jZElxq5r0A=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjK11XZXcOOyBfuAdiiZNNPGJpkhyQhl6Be4caGIWz/JnX9j2o6gogcuHM65l3vvCWLOtEHow8mtrW9sbuW3Czu7e/sHxcOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Hrhd++p0iySt2YWU1/gsWQhI9hYqSWGxRJy0RIQuVXk1S89S8pVVK8h6GVWCWRoDovvg1FEEkGlIRxr3fdQbPwUK8MIp/PCINE0xmSKx7RvqcSCaj9dHjqHZ1YZwTBStqSBS/X7RIqF1jMR2E6BzUT/9hbiX14/MWHNT5mME0MlWS0KEw5NBBdfwxFTlBg+swQTxeytkEywwsTYbAo2hK9P4f+kU3a9Cxe1KqVGJYsjD07AKTgHHrgCDXADmqANCKDgATyBZ+fOeXRenNdVa87JZo7BDzhvnxPEjRM=</latexit>

M2
⌧ = 4c1B̂⌧ e

2v(m) (1 + (1 + �⇤)v(m))
<latexit sha1_base64="eQ3Zz8nAqYab2tKg4PloY6P9d8E="></latexit>



Fits	with	LSD	data										(Appelquist	et	al.	‘18)											

•  Fits	to	data	at	5	different	masses,	

•  					

•  			

•  Determine													from		
																,											,	and										for	
						each	data	point,	using							:	
	
	
						constant	to	within	3	percent	

6	

103am = (1.25, 2.22, 5.00, 7.50, 8.89)
<latexit sha1_base64="TH9DrmkX+QfL5wAJRPYgrumCiG4="></latexit>

�⇤ = 0.936(19) , C = 1.931(61) (�2/dof = 0.784/3)
<latexit sha1_base64="WU9F1ys8wPSt44ox/7dWxp5uyj8="></latexit>

D1 = 0.220(27) , logD2 = �8.83(47) (�2/dof = 0.886/3)
<latexit sha1_base64="oNLiYCqE+1TNqFSnwpI/1pnmDdI="></latexit>

14 15 16 17 18 19 20
-3.0

-2.8

-2.6

-2.4

-2.2

-2.0

-1.8

-1.6
aB̂⇡

<latexit sha1_base64="bnynUM2oediBZ6Xo5iS5YrvQEok=">AAAB9HicdVDLSgNBEJz1GeMr6tHLYBA8hdmYaHILevEYwTwgu4TeyWwyZPbhzGwgLPkOLx4U8erHePNvnCQrqGhBQ1HVTXeXFwuuNCEf1srq2vrGZm4rv72zu7dfODhsqyiRlLVoJCLZ9UAxwUPW0lwL1o0lg8ATrOONr+d+Z8Kk4lF4p6cxcwMYhtznFLSRXEidEWh8Nes7Me8XiqREFsCkVCV2/cI2pFwl9RrBdmYVUYZmv/DuDCKaBCzUVIBSPZvE2k1Bak4Fm+WdRLEY6BiGrGdoCAFTbro4eoZPjTLAfiRNhRov1O8TKQRKTQPPdAagR+q3Nxf/8nqJ9mtuysM40Syky0V+IrCO8DwBPOCSUS2mhgCV3NyK6QgkUG1yypsQvj7F/5N2uWSfl8htpdioZHHk0DE6QWfIRpeogW5QE7UQRffoAT2hZ2tiPVov1uuydcXKZo7QD1hvn7dokgY=</latexit>

aM⇡
<latexit sha1_base64="v5rndKEv8WV9TtouJYCo/99iFGM=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjK11XZXcONGqGAf0A4lk2ba2EwyJBmhDP0HNy4Ucev/uPNvTNsRVPTAhcM593LvPUHMmTYIfTi5ldW19Y38ZmFre2d3r7h/0NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJpdzv3NPlWZS3JppTP0IjwQLGcHGSm18PejHbFAsIRctAJFbRV793LOkXEX1GoJeZpVAhuag+N4fSpJEVBjCsdY9D8XGT7EyjHA6K/QTTWNMJnhEe5YKHFHtp4trZ/DEKkMYSmVLGLhQv0+kONJ6GgW2M8JmrH97c/Evr5eYsOanTMSJoYIsF4UJh0bC+etwyBQlhk8twUQxeyskY6wwMTaggg3h61P4P2mXXe/MRTeVUqOSxZEHR+AYnAIPXIAGuAJN0AIE3IEH8ASeHek8Oi/O67I152Qzh+AHnLdPmKuPGg==</latexit>

aF⇡
<latexit sha1_base64="RQt+++U/sF6c7egauokO+5W2r3o=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjK11XZXEMRlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9j2o6gogcuHM65l3vvCWLOtEHow8mtrK6tb+Q3C1vbO7t7xf2DtpaJIrRFJJeqG2BNORO0ZZjhtBsriqOA004wuZz7nXuqNJPi1kxj6kd4JFjICDZWauOrQT9mg2IJuWgBiNwq8urnniXlKqrXEPQyqwQyNAfF9/5QkiSiwhCOte55KDZ+ipVhhNNZoZ9oGmMywSPas1TgiGo/XVw7gydWGcJQKlvCwIX6fSLFkdbTKLCdETZj/dubi395vcSENT9lIk4MFWS5KEw4NBLOX4dDpigxfGoJJorZWyEZY4WJsQEVbAhfn8L/SbvsemcuuqmUGpUsjjw4AsfgFHjgAjTANWiCFiDgDjyAJ/DsSOfReXFel605J5s5BD/gvH0CjfOPEw==</latexit>

am
<latexit sha1_base64="7sRnO01fxw4Huk02odtVL8LjnaU=">AAAB6XicdVBNSwMxEJ31s9avqkcvwSJ4WrK11fZW8OKxiv2AdinZNNuGJrtLkhVK6T/w4kERr/4jb/4b03YFFX0w8Hhvhpl5QSK4Nhh/OCura+sbm7mt/PbO7t5+4eCwpeNUUdaksYhVJyCaCR6xpuFGsE6iGJGBYO1gfDX32/dMaR5Hd2aSMF+SYcRDTomx0i2R/UIRu3gBhN0K9moXniWlCq5VMfIyqwgZGv3Ce28Q01SyyFBBtO56ODH+lCjDqWCzfC/VLCF0TIasa2lEJNP+dHHpDJ1aZYDCWNmKDFqo3yemRGo9kYHtlMSM9G9vLv7ldVMTVv0pj5LUsIguF4WpQCZG87fRgCtGjZhYQqji9lZER0QRamw4eRvC16fof9Iqud65i2/KxXo5iyMHx3ACZ+DBJdThGhrQBAohPMATPDtj59F5cV6XrStONnMEP+C8fQLMDY1+</latexit>

�⇤
<latexit sha1_base64="QP1vuaDnIhe0SfTJGqDUNvfjzAQ=">AAAB73icdVDLSgMxFM3UV62vqks3wSKIiyFTW213BTcuK9gHtEPJpJk2NMmMSUYoQ3/CjQtF3Po77vwb03YEFT1w4XDOvdx7TxBzpg1CH05uZXVtfSO/Wdja3tndK+4ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJldzv3NPlWaRvDXTmPoCjyQLGcHGSt3+CAuBB2eDYgm5aAGI3Cry6heeJeUqqtcQ9DKrBDI0B8X3/jAiiaDSEI617nkoNn6KlWGE01mhn2gaYzLBI9qzVGJBtZ8u7p3BE6sMYRgpW9LAhfp9IsVC66kIbKfAZqx/e3PxL6+XmLDmp0zGiaGSLBeFCYcmgvPn4ZApSgyfWoKJYvZWSMZYYWJsRAUbwten8H/SLrveuYtuKqVGJYsjD47AMTgFHrgEDXANmqAFCODgATyBZ+fOeXRenNdla87JZg7BDzhvn+PBj9Q=</latexit>

aB̂⇡ = (2.15, 2.14, 2.17, 2.15, 2.21)
<latexit sha1_base64="RoFy0gZ3S58Y9u01fLVaEMhxjwM="></latexit>

log(m/F⇡)
<latexit sha1_base64="Cdlx3ZKtlvbdPvmK0hWAmJu1jyQ=">AAAB9HicdVDLSgMxFM34rPVVdekmWIS6GTPVarsrCOKygn1AZyiZNNOGZjJjkimUod/hxoUibv0Yd/6NaTuCih64cDjnXu69x485UxqhD2tpeWV1bT23kd/c2t7ZLeztt1SUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj65mfntMpWKRuNOTmHohHggWMIK1kTyXR4NSeHrdc2N20isUkY3mgMiuIKd24RhSrqBaFUEns4ogQ6NXeHf7EUlCKjThWKmug2LtpVhqRjid5t1E0RiTER7QrqECh1R56fzoKTw2Sh8GkTQlNJyr3ydSHCo1CX3TGWI9VL+9mfiX1010UPVSJuJEU0EWi4KEQx3BWQKwzyQlmk8MwUQycyskQywx0SanvAnh61P4P2mVbefMRrfnxTrK4siBQ3AESsABl6AObkADNAEB9+ABPIFna2w9Wi/W66J1ycpmDsAPWG+f7YKRfw==</latexit>

logD2 + log

✓
M2

⇡

F 2
⇡

◆
+D1

M2
⇡

F 2
⇡

<latexit sha1_base64="OnvM3Rv4m/IdgJMXKmoc9I6lUTE="></latexit>



Staggered	taste	splihngs	

•  LSD	data	were	obtained	with	staggered	fermions,		
						and	pion	masses	for	tastes	i5	and	ij	were	measured.				
	
•  Tastes	splihngs	are	order								effect	–	can	dChPT	describe	this	effect?		
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a2
<latexit sha1_base64="OiGG3dnHCmRPw8Hb4ymgb2pcVuQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZmNiSa3gBePEc0DkjXMTmaTIbMPZmaFsOQTvHhQxKtf5M2/cZKsoKIFDUVVN91dXiy40hh/WLmV1bX1jfxmYWt7Z3evuH/QVlEiKWvRSESy6xHFBA9ZS3MtWDeWjASeYB1vcjn3O/dMKh6Ft3oaMzcgo5D7nBJtpBtyVx4US9jGCyBsV7FTP3cMKVdxvYaRk1klyNAcFN/7w4gmAQs1FUSpnoNj7aZEak4FmxX6iWIxoRMyYj1DQxIw5aaLU2foxChD5EfSVKjRQv0+kZJAqWngmc6A6LH67c3Fv7xeov2am/IwTjQL6XKRnwikIzT/Gw25ZFSLqSGESm5uRXRMJKHapFMwIXx9iv4n7bLtnNn4ulJqVLI48nAEx3AKDlxAA66gCS2gMIIHeIJnS1iP1ov1umzNWdnMIfyA9fYJJs2Nqw==</latexit>

0.000 0.002 0.004 0.006 0.008 0.010
0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035
(aMij)

2 � (aM⇡)
2

<latexit sha1_base64="5B9Vl+hneLTd1xB70kaZ+zctXEU=">AAAB/3icdZDLSgMxFIYz9VbrbVRw4yZYhLpwyFSr7a7gxo1QwV6grSWTZtrYzIUkI5SxC1/FjQtF3Poa7nwbM+0IKnog8PH/53BOfifkTCqEPozM3PzC4lJ2Obeyura+YW5uNWQQCULrJOCBaDlYUs58WldMcdoKBcWew2nTGZ0lfvOWCskC/0qNQ9r18MBnLiNYaaln7hTwRS9mN5OD6+Jhwp2QaeyZeWShaUFklZBdObE1FEuoUkbQTq08SKvWM987/YBEHvUV4VjKto1C1Y2xUIxwOsl1IklDTEZ4QNsafexR2Y2n90/gvlb60A2Efr6CU/X7RIw9Kceeozs9rIbyt5eIf3ntSLnlbsz8MFLUJ7NFbsShCmASBuwzQYniYw2YCKZvhWSIBSZKR5bTIXz9FP4PjaJlH1no8jhfRWkcWbAL9kAB2OAUVME5qIE6IOAOPIAn8GzcG4/Gi/E6a80Y6cw2+FHG2yfkUpSu</latexit>

(aMi5)
2 � (aM⇡)

2
<latexit sha1_base64="7p4WUUGlTOCyyT9mxgRGGynM6eE=">AAAB/3icdZDLSgMxFIYz9VbrbVRw4yZYhLpwyFSr7a7gxo1QwdZCOw6ZNG1DMxeSjFDGLnwVNy4UcetruPNtzLQjqOiBwMf/n8M5+b2IM6kQ+jByc/MLi0v55cLK6tr6hrm51ZJhLAhtkpCHou1hSTkLaFMxxWk7EhT7HqfX3ugs9a9vqZAsDK7UOKKOjwcB6zOClZZcc6eEL9yEVSYHN+XDlLsR0+iaRWShaUFkVZBdO7E1lCuoVkXQzqwiyKrhmu/dXkhinwaKcCxlx0aRchIsFCOcTgrdWNIIkxEe0I7GAPtUOsn0/gnc10oP9kOhX6DgVP0+kWBfyrHv6U4fq6H87aXiX14nVv2qk7AgihUNyGxRP+ZQhTANA/aYoETxsQZMBNO3QjLEAhOlIyvoEL5+Cv+HVtmyjyx0eVysoyyOPNgFe6AEbHAK6uAcNEATEHAHHsATeDbujUfjxXidteaMbGYb/Cjj7ROQ45R5</latexit>

am
<latexit sha1_base64="48E1dSqq2Sq7yqXQsl8d0I/bRuE=">AAAB6XicdVBNSwMxEJ2tX7V+VT16CRbB05KtVttbwYvHKvYD2qVk02wbms0uSVYopf/AiwdFvPqPvPlvTNsVVPTBwOO9GWbmBYng2mD84eRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grut++Z0jyWd2aSMD8iQ8lDTomx0i2J+sUSdvECCLsV7NUuPEvKFVyrYuRlVgkyNPrF994gpmnEpKGCaN31cGL8KVGGU8FmhV6qWULomAxZ11JJIqb96eLSGTqxygCFsbIlDVqo3yemJNJ6EgW2MyJmpH97c/Evr5uasOpPuUxSwyRdLgpTgUyM5m+jAVeMGjGxhFDF7a2Ijogi1NhwCjaEr0/R/6RVdr0zF9+cl+o4iyMPR3AMp+DBJdThGhrQBAohPMATPDtj59F5cV6XrTknmzmEH3DePgHK2Y16</latexit>



Taste	breaking	–	theory	

In	the	Symanzik	effec+ve	ac+on,	taste-breaking	operators	show	up	as		
4-fermion	operators	(Lee	&	Sharpe,	‘98):	
	
	
where						is	a	gamma-matrix	ac+ng	on	the	taste	index	of						.	
	
Under	a	scale	transforma+on,			
⇒  treat							as	a	spurion	transforming	as																																.	

In	dChPT	this	operator	is	then	represented	by		

					

8	

a2( � )( � )
<latexit sha1_base64="J0n2epPy4VrgDTV0W7pmlTRnLt0=">AAACInicfVDNSgMxGMz6W+tf1aOXYBH0UrLVansreNBjBdsK3Vq+TdM2mOwuSVYoS5/Fi6/ixYOingQfxmxbQUUdCAwz8yX5xo8E14aQN2dmdm5+YTGzlF1eWV1bz21sNnQYK8rqNBShuvRBM8EDVjfcCHYZKQbSF6zpX5+kfvOGKc3D4MIMI9aW0A94j1MwVurkKnBV3Eu80GbSK7xI85F3ClJCSvf/sTq5PCmQMTAplIhbOXItKZZIpUywO7XyaIpaJ/fidUMaSxYYKkDrlksi005AGU4FG2W9WLMI6DX0WcvSACTT7WS84gjvWqWLe6GyJzB4rH6dSEBqPZS+TUowA/3TS8XfvFZseuV2woMoNiygk4d6scAmxGlfuMsVo0YMLQGquP0rpgNQQI1tNWtL+NwU/00axYJ7UCDnh/nq4bSODNpGO2gPuegYVdEZqqE6ougW3aNH9OTcOQ/Os/M6ic4405kt9A3O+wf+WKUo</latexit>

�
<latexit sha1_base64="xlNG1dPxE9FLPq+wEW5CxsLm/5M=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjK11XZXcKHLCvYB7VAyaaaNTSZDkhHK0H9w40IRt/6PO//GtB1BRQ9cOJxzL/feE8ScaYPQh5NbWV1b38hvFra2d3b3ivsHbS0TRWiLSC5VN8CachbRlmGG026sKBYBp51gcjn3O/dUaSajWzONqS/wKGIhI9hYqd2/wkLgQbGEXLQARG4VefVzz5JyFdVrCHqZVQIZmoPie38oSSJoZAjHWvc8FBs/xcowwums0E80jTGZ4BHtWRphQbWfLq6dwROrDGEola3IwIX6fSLFQuupCGynwGasf3tz8S+vl5iw5qcsihNDI7JcFCYcGgnnr8MhU5QYPrUEE8XsrZCMscLE2IAKNoSvT+H/pF12vTMX3VRKjUoWRx4cgWNwCjxwARrgGjRBCxBwBx7AE3h2pPPovDivy9ack80cgh9w3j4BlBOPFw==</latexit>

 
<latexit sha1_base64="4Nld6+XjSDexOk9nqQIgT70/mT0=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjK11XZXcOOygn1AO5RMmmlDk8yQZIQy9BfcuFDErT/kzr8x046gogcuHM65l3vvCWLOtEHowymsrW9sbhW3Szu7e/sH5cOjro4SRWiHRDxS/QBrypmkHcMMp/1YUSwCTnvB7Drze/dUaRbJOzOPqS/wRLKQEWwyaRhrNipXkIuWgMitI6956VlSraNmA0EvtyogR3tUfh+OI5IIKg3hWOuBh2Ljp1gZRjhdlIaJpjEmMzyhA0slFlT76fLWBTyzyhiGkbIlDVyq3ydSLLSei8B2Cmym+reXiX95g8SEDT9lMk4MlWS1KEw4NBHMHodjpigxfG4JJorZWyGZYoWJsfGUbAhfn8L/Sbfqehcuuq1VWrU8jiI4AafgHHjgCrTADWiDDiBgCh7AE3h2hPPovDivq9aCk88cgx9w3j4BYmeObA==</latexit>

( � )( � ) ! �6���( � )( � )
<latexit sha1_base64="BKR7KnbJCvqXeU3vrqWeknxXAy4="></latexit>

a2
<latexit sha1_base64="OiGG3dnHCmRPw8Hb4ymgb2pcVuQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZmNiSa3gBePEc0DkjXMTmaTIbMPZmaFsOQTvHhQxKtf5M2/cZKsoKIFDUVVN91dXiy40hh/WLmV1bX1jfxmYWt7Z3evuH/QVlEiKWvRSESy6xHFBA9ZS3MtWDeWjASeYB1vcjn3O/dMKh6Ft3oaMzcgo5D7nBJtpBtyVx4US9jGCyBsV7FTP3cMKVdxvYaRk1klyNAcFN/7w4gmAQs1FUSpnoNj7aZEak4FmxX6iWIxoRMyYj1DQxIw5aaLU2foxChD5EfSVKjRQv0+kZJAqWngmc6A6LH67c3Fv7xeov2am/IwTjQL6XKRnwikIzT/Gw25ZFSLqSGESm5uRXRMJKHapFMwIXx9iv4n7bLtnNn4ulJqVLI48nAEx3AKDlxAA66gCS2gMIIHeIJnS1iP1ov1umzNWdnMIfyA9fYJJs2Nqw==</latexit>

a2 ! ��2+��a2
<latexit sha1_base64="7ad5UQJ6qPm5N62Mo6ZGw1J/4Js=">AAACDHicdVDLSgMxFM34rPVVdekmWARBLJnx2V3BhS4rWCt02nInTWswmRmSjFCGfoAbf8WNC0Xc+gHu/BszdQQVvRByOA+Se4JYcG0IeXcmJqemZ2YLc8X5hcWl5dLK6oWOEkVZg0YiUpcBaCZ4yBqGG8EuY8VABoI1g+vjTG/eMKV5FJ6bYczaEgYh73MKxlLdUhk6nm8iX9hIDzrpjrftD0BK6Pon2TWyunWRChkPJpV94lYPXAu8fVI9ItjNpTLKp94tvfm9iCaShYYK0Lrlkti0U1CGU8FGRT/RLAZ6DQPWsjAEyXQ7HS8zwpuW6eF+pOwJDR6z3xMpSK2HMrBOCeZK/9Yy8i+tlZj+UTvlYZwYFtLPh/qJwCbCWTO4xxWjRgwtAKq4/SumV6CAGttf0ZbwtSn+H1x4FXe3Qs72yrW9vI4CWkcbaAu56BDV0Cmqowai6Bbdo0f05Nw5D86z8/JpnXDyzBr6Mc7rB/i9muY=</latexit>

c�a
2 e(6���)⌧ f̂2

⇡⇤
4 tr(⌃�⌃†�)

<latexit sha1_base64="QdyOVAbXxrQ4lze5YeuD9K3CilE="></latexit>



Tree	level	taste	splihngs	

•  For	the	taste	splihngs,	we	find	

•  Assume	that	one	term	in	the	sum	dominates	simplifies	this	to	

•  Fits	give		(using	the	known	solu+on	for												)		

•  Note	that	the	fit	finds	that			
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(aM�)
2 � (aM⇡)

2 = (a⇤)4
X

�0

c0��0 e(4���0 )v(m)

<latexit sha1_base64="29/jTEVzcktZquVk7NAPNslVNvU="></latexit>

(aM�)
2 � (aM⇡)

2 = A� e
(4���)v(m)

<latexit sha1_base64="7BTLCNyyxK/ItvBJzNxgp8AO6Sg="></latexit>

v(m)
<latexit sha1_base64="1kq7JV5xrbbSJGNY8HUUjZStjSw=">AAAB63icdVDLSgMxFM34rPVVdekmWIS6KZnaarsruHFZwT6gHUomzbShSWZIMoUy9BfcuFDErT/kzr8x046gogcuHM65l3vv8SPOtEHow1lb39jc2s7t5Hf39g8OC0fHHR3GitA2CXmoej7WlDNJ24YZTnuRolj4nHb96U3qd2dUaRbKezOPqCfwWLKAEWxSaVYSF8NCEZXREhCVa8htXLmWVGqoUUfQzawiyNAaFt4Ho5DEgkpDONa676LIeAlWhhFOF/lBrGmEyRSPad9SiQXVXrK8dQHPrTKCQahsSQOX6veJBAut58K3nQKbif7tpeJfXj82Qd1LmIxiQyVZLQpiDk0I08fhiClKDJ9bgoli9lZIJlhhYmw8eRvC16fwf9KplN3LMrqrFpvVLI4cOAVnoARccA2a4Ba0QBsQMAEP4Ak8O8J5dF6c11XrmpPNnIAfcN4+AbJAjfg=</latexit>

Ai5 = 2.0⇥ 10

�6 , �i5 = 1.89 (�2/dof = 1.82/3)

Aij = 2.9⇥ 10

�6 , �ij = 1.89 (�2/dof = 2.05/3)
<latexit sha1_base64="dr5t11vTIwoDt0rjw5YZDNPxjrU="></latexit>

�i5 = �ij = 2�⇤
<latexit sha1_base64="qz4c2+zMG/UURxsAEIUg1Sjuh58=">AAACCnicdVDLSgMxFM3UV62vqks30SKIiyFTW20XhYIblxXsA9pSMmmmjU1mhiQjlKFrN/6KGxeKuPUL3Pk3pu0oKnrgwsk595J7jxtypjRC71ZqYXFpeSW9mllb39jcym7vNFQQSULrJOCBbLlYUc58WtdMc9oKJcXC5bTpjs6nfvOGSsUC/0qPQ9oVeOAzjxGsjdTL7ncGWAjci1lxUvni15NKPnkc97I5ZKMZILKLyCmfOobki6hcQtBJrBxIUOtl3zr9gESC+ppwrFTbQaHuxlhqRjidZDqRoiEmIzygbUN9LKjqxrNTJvDQKH3oBdKUr+FM/T4RY6HUWLimU2A9VL+9qfiX1460V+rGzA8jTX0y/8iLONQBnOYC+0xSovnYEEwkM7tCMsQSE23Sy5gQPi+F/5NG3nZObHRZyFULSRxpsAcOwBFwwBmoggtQA3VAwC24B4/gybqzHqxn62XemrKSmV3wA9brBzEtmog=</latexit>



Tree	level	taste	splihngs	
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Tree	level	taste	splihngs	
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0.000 0.002 0.004 0.006 0.008 0.010
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Note:			in	QCD	no	mass	dependence	at	tree	level	in	taste	splihngs!	



Concluding	remarks	

•  LO	dChPT	describes	the	LSD	data	quite	well	–	no	sign	of	discrepancies	
						(more	consistency	checks	done;	dilaton	mass	has	large	errors)	
					
•  Helps	understand	taste	breaking	–	very	different	from	QCD!	
	
•  Next	steps:		-	complete	error	analysis	(correla+ons)		
																												-	NLO	analysis	(Hansen	et	al.	‘18,	Catà	&	Mueller	‘19)	

•  LSD	data	are	deep	in	the	“large-mass”	regime:	

•  			regime?					However,	find	that																																						,	need																		!			
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m

c1M̂
= v e(1+�⇤)v ⇠ 6⇥ 103

<latexit sha1_base64="IbkBxE8gW1FUzddU2wXFJblYbJ0="></latexit>

✏
<latexit sha1_base64="ewTvhp9lOtdUsThFSOxSLfqCdvk=">AAAB73icdVBNSwMxEM36WetX1aOXYBE8LdnaansrePFYwX5Au5RsOtuGZrNrkhVK6Z/w4kERr/4db/4b03YFFX0w8Hhvhpl5QSK4NoR8OCura+sbm7mt/PbO7t5+4eCwpeNUMWiyWMSqE1ANgktoGm4EdBIFNAoEtIPx1dxv34PSPJa3ZpKAH9Gh5CFn1Fip04NEcxHLfqFIXLIAJm6FeLULz5JShdSqBHuZVUQZGv3Ce28QszQCaZigWnc9khh/SpXhTMAs30s1JJSN6RC6lkoagfani3tn+NQqAxzGypY0eKF+n5jSSOtJFNjOiJqR/u3Nxb+8bmrCqj/lMkkNSLZcFKYCmxjPn8cDroAZMbGEMsXtrZiNqKLM2IjyNoSvT/H/pFVyvXOX3JSL9XIWRw4doxN0hjx0ieroGjVQEzEk0AN6Qs/OnfPovDivy9YVJ5s5Qj/gvH0CivmQQg==</latexit>

af̂⇡ = 0.00062(24)
<latexit sha1_base64="PBKCRv3IfGiaYN+iVStG7r+YwY8=">AAACAnicdVDLSgMxFM34rPVVdSVugkWom5IZ29ouhIIblxXsA9phyKSZNjSTGZKMUIbixl9x40IRt36FO//G9CGo6IELJ+fcS+49fsyZ0gh9WEvLK6tr65mN7ObW9s5ubm+/paJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/dDn127dUKhaJGz2OqRvigWABI1gbycsd4rQ3xBoGE68XswtURAhVnIJTOvVy+dnLAKJiGdm1im2IU0a1KoL2wsqDBRpe7r3Xj0gSUqEJx0p1bRRrN8VSM8LpJNtLFI0xGeEB7RoqcEiVm85OmMATo/RhEElTQsOZ+n0ixaFS49A3nSHWQ/Xbm4p/ed1EB1U3ZSJONBVk/lGQcKgjOM0D9pmkRPOxIZhIZnaFZIglJtqkljUhfF0K/yctp2ifFdF1KV8vLeLIgCNwDArABuegDq5AAzQBAXfgATyBZ+veerRerNd565K1mDkAP2C9fQLl8JUd</latexit>

F⇡L > 1
<latexit sha1_base64="w0Syx8idW+Dh09C2nor0u2yq3/k=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjK11XYjBUFcuKhgH9IOJZNm2tAkMyQZoQz9CjcuFHHr57jzb0wfgooeuHA4517uvSeIOdMGoQ8ns7S8srqWXc9tbG5t7+R395o6ShShDRLxSLUDrClnkjYMM5y2Y0WxCDhtBaOLqd+6p0qzSN6acUx9gQeShYxgY6W7y143ZvD63OvlC8hFM0DklpFXPfUsKZZRtYKgt7AKYIF6L//e7UckEVQawrHWHQ/Fxk+xMoxwOsl1E01jTEZ4QDuWSiyo9tPZwRN4ZJU+DCNlSxo4U79PpFhoPRaB7RTYDPVvbyr+5XUSE1b8lMk4MVSS+aIw4dBEcPo97DNFieFjSzBRzN4KyRArTIzNKGdD+PoU/k+aRdc7cdFNqVArLeLIggNwCI6BB85ADVyBOmgAAgR4AE/g2VHOo/PivM5bM85iZh/8gPP2Cbxzj6s=</latexit>


